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©  The  invention  provides  a  method  of  manufacturing 
dimensionally  stable  oxygen  evolving  anodes  with  a  tita- 
nium  base  and  a  catalytic  oxide  coating  which  is  produced 
from  a  coating  solution  containing  Ru  and  Mn  compounds  in 
concentrations  corresponding  to  a  mole  ratio  of  Ru02  to 
Mn02  from  1:1  to  1:9.  The  solution  is  applied  and  dried, 
followed  by  heat  treatment  in  air  at  400°C,  so  as  to  produce 
an  oxide  coating  in  6  to  35  layers  with  a  total  loading  of  Ru  = 
4  to  20  g/m2.  Accelerated  testing  in  sulphuric  acid  of  anodes 
manufactured  within  these  ranges  shows  a  low  oxygen 
potential  during  prolonged  operation  as  an  oxygen  evolving 
anode. 
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FIELD  OF  THE  INVENTION 

The  p r e s e n t   i n v e n t i o n   g e n e r a l l y   r e l a t e s   t o   c a t a l y t i c   o x y g e n  

e v o l v i n g   a n o d e s ,   and   m o r e   p a r t i c u l a r l y   t o   a  m e t h o d   o f  

m a n u f a c t u r i n g   a  d i m e n s i o n a l l y   s t a b l e ,   o x y g e n   e v o l v i n g   a n o d e  

w h i c h   c o m p r i s e s   an  a n o d e   b a s e   of  f i l m - f o r m i n g   m e t a l   w i t h   a  

c a t a l y t i c   o x i d e   c o a t i n g   c o n t a i n i n g   r u t h e n i u m ,   and  w h i c h   may  

be  a p p l i e d   f o r   e x a m p l e   in  p r o c e s s e s   f o r   e l e c t r o w i n n i n g   m e t a l s  

f rom  a c i d   e l e c t r o l y t e s .  

BACKGROUND  ART 

O x y g e n   e v o l v i n g   a n o d e s   a r e   s u b j e c t   to   p a r t i c u l a r l y   s e v e r e  

o x i d a t i v e   a t t a c k   and   c o r r o s i o n   due  to   a n o d i c a l l y   e v o l v e d  

o x y g e n   and  c o r r o s i v e   e l e c t r o l y t e s .   An  i n d u s t r i a l l y   a c c e p t a b l e  

o x y g e n   e v o l v i n g   a n o d e   m u s t   t h u s   be  a d e q u a t e l y   p r o t e c t e d   f r o m  

o x i d a t i o n   by  a n o d i c a l l y   e v o l v e d   o x y g e n ,   in   o r d e r   t o   be  a b l e  

t o   e n s u r e   s t a b l e   o p e r a t i o n   and  a  s u f f i c i e n t l y   l o n g   i n d u s t r i a l  

s e r v i c e   l i f e   t o   a l l o w   t h e   a n o d e   c o s t   t o   be  e c o n o m i c a l l y  

j u s t i f i e d   f o r   i n d u s t r i a l   a p p l i c a t i o n s   of   o x y g e n   e v o l v i n g  

a n o d e s .  



M e t a l   e l e c t r o w i n n i n g   c e l l s   a r e   g e n e r a l l y   o p e r a t e d   w i t h   a  l o w  

c u r r e n t   d e n s i t y   in   o r d e r   t o   e n s u r e   u n i f o r m   e l e c t r o d e p o s i t i o n  

of  m e t a l   on  t h e   c a t h o d e ,   and  t h u s   r e q u i r e   a  v e r y   l a r g e   a n o d e  

s u r f a c e   a r e a .   The  v a l u e   of  t h e   m e t a l   p r o d u c t   o b t a i n e d   on  t h e  

c a t h o d e   i s   m o r e o v e r   r e l a t i v e l y   low  w i t h   r e s p e c t   to   t h e   a r e a  

of  t h e   e l e c t r o d e s ,   so  t h a t   t h e   a n o d e   c o s t   i s   p a r t i c u l a r l y  

c r i t i c a l   and  m u s t   be  r e s t r i c t e d   a c c o r d i n g l y ,   so  as  t o   b e  

e c o n o m i c a l l y   j u s t i f i e d   f o r   e l e c t r o w i n n i n g .  

L e a d   or  l e a d   a l l o y   a n o d e s   h a v e   b e e n   w i d e l y   u s e d   in  p r o c e s s e s  

f o r   e l e c t r o w i n n i n g   m e t a l s   f r o m   s u l p h a t e   s o l u t i o n s ,   b u t   t h e y  

n e v e r t h e l e s s   h a v e   i m p o r t a n t   l i m i t a t i o n s ,   s u c h   as  a  h i g h  

o x y g e n   o v e r v o l t a g e   and   l o s s   of   t h e   a n o d e   m a t e r i a l   l e a d i n g   t o  

c o n t a m i n a t i o n   of  t h e   m e t a l   p r o d u c t   o b t a i n e d   on  t h e   c a t h o d e .  

A n o d e s   of   l e a d - s i l v e r   a l l o y   p r o v i d e   a  c e r t a i n   d e c r e a s e   of   t h e  

o x y g e n   o v e r v o l t a g e   and  i m p r o v e m e n t  o f   t h e   c u r r e n t   e f f i c i e n c y ,  

b u t   t h e y   s t i l l   h a v e   t h e   s a i d   l i m i t a t i o n s   as  a  w h o l e .  

Known  t i t a n i u m   a n o d e s   w i t h   an  o u t e r   c o a t i n g   of  m a n g a n e s e  
d i o x i d e   or  l e a d   d i o x i d e   h a v e   a  h i g h   o x y g e n   o v e r p o t e n t i a l   a n d  

do  n o t   p r o v i d e   an  a d e q u a t e   e n e r g y   e c o n o m y   and  l o n g - t e r m  

s e r v i c e   l i f e   to   j u s t i f y   t h e i r   u s e   in  m o s t   i n d u s t r i a l  

a p p l i c a t i o n s   of  o x y g e n   e v o l v i n g   a n o d e s ,   and  more  p a r t i c u l a r l y  

w h e r e   c o n v e n t i o n a l   l e a d   a n o d e s   a r e   c u r r e n t l y   u s e d .  

I t   h a s   b e e n   p r o p o s e d   t o   p r o v i d e   c o a t e d   t i t a n i u m   a n o d e s   w i t h   a  

p r o t e c t i v e   i n t e r m e d i a t e   c o m p r i s i n g   p l a t i n u m   g r o u p   m e t a l ,   b u t  

t h i s   i s   n e v e r t h e l e s s   i n s u f f i c i e n t   to   p r o v i d e   an  a d e q u a t e  

s e r v i c e   l i f e   f o r   m o s t   i n d u s t r i a l   a p p l i c a t i o n s   of  o x y g e n  

e v o l v i n g   a n o d e s .  

I t   h a s   a l s o   b e e n   p r o p o s e d   t o   p r o v i d e   d i m e n s i o n a l l y   s t a b l e  

t i t a n i u m   a n o d e s   w i t h   a  c a t a l y t i c   o x i d e   c o a t i n g   f o r   o x y g e n  
e v o l u t i o n   a t   a  r e d u c e d   p o t e n t i a l   in   o r d e r   to   a c h i e v e  

s i g n i f i c a n t   e n e r g y   s a v i n g s ,   w h i l e   a t   t h e   same  t i m e   s e r v i n g   t o  

p r o t e c t   t h e   t i t a n i u m   b a s e   f rom  a n o d i c   o x i d a t i o n .   T h e  

r e l a t i v e l y   h i g h   c o s t   of   m o s t   of  t h e   p r o p o s e d   o x y g e n   e v o l v i n g  

a n o d e s ,   t h e i r   l i m i t e d   i n d u s t r i a l   l o n g - t e r m   s e r v i c e   l i f e ,   o r  

b o t h ,   n e v e r t h e l e s s   g e n e r a l l y   c o n s t i t u t e   m a j o r   o b s t a c l e s   t o  

t h e i r   w i d e s p r e a d   u s e   f o r   m o s t   i n d u s t r i a l   a p p l i c a t i o n s .  



The  m a i n   p r o b l e m   in  t h i s   c o n n e c t i o n ,   is   t h a t   on  one  hand   t h e  

s e v e r e   o x i d a t i v e   a t t a c k   u n d e r   t h e   v e r y   h a r s h   o p e r a t i n g  

c o n d i t i o n s   of  o x y g e n   e v o l v i n g   a n o d e s ,   and  on  t h e   o t h e r   h a n d  

t h e i r   e x t r e m e l y   s e v e r e   e c o n o m i c   r e s t r i c t i o n s ,   make  i t  

p a r t i c u l a r l y   d i f f i c u l t   t o   m a i n t a i n   h i g h ,   l o n g - t e r m   c a t a l y t i c  

a c t i v i t y   and  e n s u r e   a  low  o x y g e n   p o t e n t i a l   f o r   a  s u f f i c i e n t l y  

e x t e n d e d   p e r i o d   t o   a l l o w   t h e   c o s t s   of  u s i n g   a  c a t a l y t i c   a n o d e  

to   be  j u s t i f i e d   by  t h e   t o t a l   e n e r g y   s a v i n g s   i t   p r o v i d e s  

d u r i n g   i t s   u s e f u l   s e r v i c e   l i f e .  

S i n c e   no  s i n g l e   m a t e r i a l   c an   by  i t s e l f   m e e t   t h e   r e q u i r e m e n t s  

of   an  o x y g e n   e v o l v i n g   a n o d e ,   d i f f e r e n t   a n o d e   m a t e r i a l s   m u s t  

be  c o m b i n e d   in  a  s u i t a b l e   m a n n e r   in  o r d e r   t o   a l l o w   t h e s e  

r e q u i r e m e n t s   to   be  met  as   f a r   as  p o s s i b l e .   The  s e l e c t i o n   o f  

s u i t a b l e   a n o d e   m a t e r i a l s   i s   e v i d e n t l y   i m p o r t a n t   in  t h i s  

c o n n e c t i o n ,   and  a  b r o a d   v a r i e t y   of  m a t e r i a l s   h a s   b e e n  

p r o p o s e d   f o r   t h i s   p u r p o s e .   The  manne r   in  w h i c h   d i f f e r e n t  

a n o d e   m a t e r i a l s   a r e   c o m b i n e d   i s   n e v e r t h e l s e s s   p a r t i c u l a r l y  

c r i t i c a l   f o r   t h e   p r o d u c t i o n   of  a  c o n s o l i d a t e d   o p e r a t i v e   a n o d e  

s t r u c t u r e   w h i c h   i s   s u i t a b l e   f o r   o p e r a t i o n   as   an  o x y g e n  

e v o l v i n g   a n o d e .  

T i t a n i u m   is   a  f i l m - f o r m i n g   m e t a l   which   e x h i b i t s   o u t s t a n d i n g  

c o r r o s i o n   r e s i s t a n c e   u n d e r   a n o d i c   o p e r a t i n g   c o n d i t i o n s ,   d u e  

t o   i t s   a b i l i t y   t o   a n o d i c a l l y   form  a  s t a b l e   s u r f a c e   o x i d e   f i l m  

w h i c h   e f f e c t i v e l y   p r o t e c t s   t h e   u n d e r l y i n g   t i t a n i u m   m e t a l   f r o m  

c o r r o s i o n ,   b u t   i s   e l e c t r i c a l l y   i n s u l a t i n g .  

D i m e n s i o n a l l y   s t a b l e   a n o d e s   t h u s   g e n e r a l l y   c o m p r i s e   a  

t i t a n i u m   b a s e   p r o v i d e d   w i t h   a  c a t a l y t i c   c o a t i n g   w h i c h   a l l o w s  

a n o d e   o p e r a t i o n   a t   a  r e d u c e d   p o t e n t i a l   and  a t   t h e   same  t i m e  

p r o t e c t s   t h e   u n d e r l y i n g   t i t a n i u m   from  o x i d a t i o n .   On  t h e   o t h e r  

h a n d ,   any   p a r t   of  t h e   t i t a n i u m   b a s e   wh ich   i s   e x p o s e d   to   t h e  

e l e c t r o l y t e   i s   r a p i d l y   p a s s i v a t e d   and  t h u s   e f f e c t i v e l y  

p r o t e c t e d   by  l o c a l i z e d   f o r m a t i o n   of  a  s t a b l e ,   i n s u l a t i n g  

a n o d i c   s u r f a c e   o x i d e   f i l m   on  t h e   p a r t   t h u s   e x p o s e d .  



In  o r d e r   to   p r o v i d e   an  o p e r a t i v e   a n o d e   s t r u c t u r e ,   t h e  

c a t a l y t i c   c o a t i n g   m u s t   be  p e r m a n e n t l y   a p p l i e d   a n d  

e l e c t r i c a l l y   c o n n e c t e d   t o   t h e   t i t a n i u m   b a s e ,   and  must   i t s e l f  

e x h i b i t   a d e q u a t e   c o n d u c t i v i t y ,   c a t a l y t i c   a c t i v i t y ,   a n d  

s t a b i l t y   to   be  a b l e   t o   e n s u r e   s a t i s f a c t o r y ,   s t a b l e ,   l o n g - t e r m  

i n d u s t r i a l   o p e r a t i o n   of   t h e   a n o d e .   For  t h i s   p u r p o s e ,   s u i t a b l e  

a n o d e   c o a t i n g   m a t e r i a l s   m u s t   be  s e l e c t e d   and   a p p l i e d   in  a  

s u i t a b l e   m a n n e r   t o   t h e   a n o d e   b a s e .  

I t   i s   known  t h a t   r u t h e n i u m   p r o v i d e s   e x c e l l e n t   c a t a l y t i c  

a c t i v i t y   f o r   o x y g e n   e v o l u t i o n ,   b u t   l a c k s   a d e q u a t e   s t a b i l i t y  

and   t e n d s   t o   form  v o l a t i l e   R u O .  u n d e r   o x y g e n   e v o l v i n g  

c o n d i t i o n s .   C o n s e q u e n t l y ,   r u t h e n i u m   m u s t   be  a p p l i e d   a n d  

s t a b i l i z e d   in  a  s u i t a b l e   m a n n e r   in  o r d e r   t o   a l l o w   i t   t o  

e f f e c t i v e l y   c a t a l y z e   o x y g e n   e v o l u t i o n   a t   a  r e d u c e d   p o t e n t i a l  

f o r   p r o l o n g e d   p e r i o d s .   T h i s   c o n s t i t u t e s   a  p a r t i c u l a r l y  

c r i t i c a l   t e c h n i c a l   p r o b l e m   u n d e r l y i n g   t h e   p r e s e n t   i n v e n t i o n .  

R u t h e n i u m   was  f o r   t h e   f i r s t   t i m e   s u c c e s s f u l l y   a p p l i e d   b y  

H . B e e r   t o   p r o d u c e   d i m e n s i o n a l l y   s t a b l e   c h l o r i n e   a n o d e s   w i t h   a  

m i x e d   o x i d e   c o a t i n g   of   t h e   t y p e   d e s c r i b e d   m o r e   p a r t i c u l a r l y  

in  E x a m p l e   1  of  in  U . S .   P a t .   3 , 6 3 2 , 4 9 8 ,   w h i c h   c o m b i n e s   t h e  

h i g h   s t a b i l i t y   of  r u t i l e   T i 0 2   w i t h   t he   e x c e l l e n t  

e l e c t r o c a t a l y t i c   p r o p e r t i e s   of  RuO2  fo r   c h l o r i n e   e v o l u t i o n .  

S a i d   m i x e d   o x i d e   at  t h e   same  t i m e   p r o v i d e s   an  i n c r e a s e d  

o x y g e n   p o t e n t i a l ,   and  t h e r e b y   i n c r e a s e s   t h e   s e l e c t i v i t y   o f  

t h e   c o a t i n g   f o r   p r o d u c i n g   c h l o r i n e   as  o p p o s e d   t o   o x y g e n .  

T h e s e   s i g n i f i c a n t   a d v a n t a g e s   and  more  p a r t i c u l a r l y   t h e   h i g h  

s t a b i l i t y   of  such   a n o d e s   e x p l a i n   t h e i r   o u t s t a n d i n g   s u c c e s s   i n  

t h e   c h l o r i n e   i n d u s t r y   t h r o u g h o u t   t h e   w o r l d   s i n c e   many  y e a r s .  

S u c h   an   a n o d e   w i t h   a  T i O 2 - R u O 2  m i x e d   o x i d e   c o a t i n g  

n e v e r t h e l e s s   s eems   u n s u i t a b l e   f o r   most   a p p l i c a t i o n s   of  o x y g e n  

e v o l v i n g   a n o d e s .  

The  d e v e l o p m e n t   of  an  i n d u s t r i a l l y   a c c e p t a b l e   c a t a l y t i c   a n o d e  

f o r   a  g i v e n   a p p l i c a t i o n   i n v o l v e s   c o m p l e x   p r o b l e m s   s i n c e   t h e  

i n d u s t r i a l   p e r f o r m a n c e   of  an  a n o d e   d e p e n d s   on  n u m e r o u s  

i n t r i c a t e l y   l i n k e d   and  i n t e r a c t i n g   f a c t o r s   s u c h   a s ,   f o r  

e x a m p l e :   t h e   c h o i c e   of  a n o d e   m a t e r i a l s ,   i t s   m a n u f a c t u r i n g  



p r o c e s s   and  c o n d i t i o n s ,   t h e   i n d u s t r i a l   a p p l i c a t i o n   a n d  

o p e r a t i n g   c o n d i t i o n s   of   t h e   a n o d e .  

W h i l e   a  m u l t i t u d e   of   p a t e n t s   r e f l e c t   on  one  h a n d   t h e   g r e a t  

i n t e r e s t   and  c o n s i d e r a b l e   e f f o r t s   to  d e v e l o p   c a t a l y t i c  

a n o d e s ,   i t   i s   q u i t e   r e m a r k a b l e   t h a t   o n l y   v e r y   few  a n o d e  

e m b o d i m e n t s   a r e   on  t h e   o t h e r   hand   i n d u s t r i a l l y   a p p l i e d   on  a  

l a r g e   s c a l e .   T h i s   s t r i k i n g   d i s c r e p a n c y   b e t w e e n   i n n u m e r a b l e  

a n o d e s   p r o p o s e d   and   t h e   v e r y   few  e m b o d i m e n t s   a c t u a l l y   a p p l i e d  

in  p r a c t i c e   i s   n e v e r t h e l e s s   no t   so  s u r p r i s i n g   in   l i g h t   of  t h e  

c o m p l e x   p r o b l e m s   and   i n t e r a c t i n g   f a c t o r s ,   w h i c h   make  a n y  

a t t e m p t   t o   d e v e l o p   an  a n o d e   t h a t   f u l l y   m e e t s   t h e   e x t r e m e l y  

s e v e r e   t e c h n i c a l   and   e c o n o m i c   i n d u s t r i a l   r e q u i r e m e n t s   a  

p a r t i c u l a r l y   d i f f i c u l t   and   u n p r e d i c t a b l e   u n d e r t a k i n g .  

The  s t a t e   of  t h e   a r t   r e l a t i n g   to   a n o d e s   of   f i l m - f o r m i n g   m e t a l  

w i t h   a  c a t a l y t i c   o x i d e   c o a t i n g   c o m p r i s i n g   a  p r e c i o u s   m e t a l  

o x i d e   and  m a n g a n e s e   o x i d e   may  be  i l l u s t r a t e d   by  U . S .   P a t e n t  

No.  4 , 0 5 2 , 2 7 1 .   E x a m p l e   8  of   t h i s   p a t e n t   r e l a t e s   t o   a  t i t a n i u m  

a n o d e   w i t h   a  c o a t i n g   c o m p r i s i n g   i r i d i u m   o x i d e   and  m a n g a n e s e  

o x i d e .   T h i s   a n o d e   i s   s a i d   t o   be  s u i t e d   f o r   t h e   p r e p a r a t i o n   o f  

p e r - c o m p o u n d s ,   t h u s   p r e s u m a b l y   h a s   a  r e l a t i v e l y   h i g h   o x y g e n  

p o t e n t i a l   f o r   t h i s   p u r p o s e ,   and  wou ld   f o r   t h a t   r e a s o n   s e e m  

u n s u i t a b l e   f o r   m o s t   i n d u s t r i a l   a p p l i c a t i o n s   of   o x y g e n  

e v o l v i n g   a n o d e s .  

U . S .   P a t e n t   No.  4 , 2 8 9 , 5 9 1   r e l a t e s   to   a  m e t h o d   of  g e n e r a t i n g  

o x y g e n   w h i c h   c o m p r i s e s   p r o v i d i n g   a  c a t a l y t i c   c a t h o d e   and  a  

c a t a l y t i c   o x y g e n   e v o l v i n g   a n o d e   r e s p e c t i v e l y   b o n d e d   t o  

o p p o s i t e   s u r f a c e s   of   a  s o l i d   p o l y m e r   e l e c t r o l y t e   i o n  

t r a n s p o r t i n g   m e m b r a n e ,   a  c a t a l y s t   c o m p r i s i n g   r u t h e n i u m   o x i d e  

and  m a n g a n e s e   o x i d e   b e i n g   p r o v i d e d   at   t h e   a n o d e .   T h i s  

c a t a l y s t   i s   p r o d u c e d   by  a  m o d i f i e d   Adams  m e t h o d   w h i c h  

c o m p r i s e s   m i x i n g   r u t h e n i u m   and  m a n g a n e s e   s a l t s ,   i n c o r p o r a t i n g  

an  e x c e s s   of  s o d i u m   n i t r a t e ,   f u s i n g   the   m i x t u r e   a t   5 0 0 ' C   f o r  

t h r e e   h o u r s ,   w a s h i n g   and  d r y i n g   t h e   r e s i d u e   to   p r o v i d e  

r u t h e n i u m   o x i d e - m a n g a n e s e   o x i d e   p o w d e r ,   w h i c h   i s   t h e n   b o n d e d  



t o   s a i d   s o l i d   p o l y m e r   e l e c t r o l y t e   ion   t r a n s p o r t   m e m b r a n e .   T h e  

d e s c r i b e d   m o d i f i e d   Adams  m e t h o d   s e r v e s   t o   p r o d u c e   a  f i n e l y  

d i v i d e d   c a t a l y s t   p o w d e r   w h i c h   is   f o r m e d   of  a  s o l i d   s o l u t i o n  

of   r u t h e n i u m   o x i d e   w i t h   a  m i n o r   a m o u n t   o f   m a n g a n e s e   o x i d e ,  

and   i s   b o n d e d   t o   s a i d   s o l i d   p o l y m e r   e l e c t r o l y t e   m e m b r a n e .  

S u c h   a  c o m p o s i t e   m e m b r a n e / e l e c t r o d e   s t r u c t u r e   i s   n e v e r t h e l e s s  

u n s u i t a b l e   f o r   e l e c t r o l y t i c   p r o c e s s e s   s u c h   as  e l e c t r o w i n n i n g  

z i n c   o r   c o p p e r   f o r   e x a m p l e ,   w h i c h   i n v o l v e   no  s e p a r a t i o n   by  a  

m e m b r a n e   b e t w e e n   t h e   a n o d e s   and  t h e   c a t h o d e s .  

I t   i s   w e l l   known  t o   t h o s e   s k i l l e d   in  t h e   a r t   t h a t   t h e  

m a n u f a c t u r e   of   a  c o m p l e t e ,   o p e r a t i v e   a n o d e   s t r u c t u r e   h a v i n g   a  

c a t a l y t i c   o x i d e   c o a t i n g   c o n s o l i d a t e d   w i t h   a  f i l m - f o r m i n g  

m e t a l   b a s e   i s   q u i t e   p r o b l e m a t i c   and  t h a t   v e r y   s l i g h t  

m o d i f i c a t i o n s   in   t h e   m a n u f a c t u r i n g   c o n d i t i o n s   can   d r a s t i c a l l y  

a f f e c t   a n o d e   p e r f o r m a n c e   in  i n d u s t r i a l   p r a c t i c e .  

I t   i s   known  t h a t   c a t a l y t i c   a n o d e s   c o m p r i s i n g   r u t h e n i u m  

u n d e r g o   a  n o t a b l e   r i s e   in  t h e   o x y g e n   p o t e n t i a l   d u r i n g  

o p e r a t i o n   as  o x y g e n   e v o l v i n g   a n o d e s .   T h i s   c o n s t i t u t e s   a  m a j o r  

o b s t a c l e   t o   t h e   e f f e c t i v e   u s e   of  t h e   e x c e l l e n t  

e l e c t r o c a t a l y t i c   p r o p e r t i e s   of   r u t h e n i u m   in  o x y g e n   e v o l v i n g  

a n o d e s ,   w h i c h   i s   a  m a j o r   p r o b l e m   u n d e r l y i n g   t h e   p r e s e n t  

i n v e n t i o n .  

DISCLOSURE  OF  THE  INVENTION 

A  m a i n   o b j e c t   of  t h e   i n v e n t i o n   i s   t o   a l l o w   d i m e n s i o n a l l y  

s t a b l e ,   o x y g e n   e v o l v i n g   a n o d e s   w h i c h   c o m p r i s e s   an  a n o d e   b a s e  

of   f i l m - f o r m i n g   m e t a l   w i t h   a  c a t a l y t i c   o x i d e   c o a t i n g  

c o n t a i n i n g   r u t h e n i u m   t o   be  p r o d u c e d   in  a  s i m p l e   a n d  

e c o n o m i c a l   m a n n e r .  

A n o t h e r   o b j e c t   of  t h e   i n v e n t i o n   i s   to   p r o v i d e   a  m e t h o d   o f  

m a n u f a c t u r i n g   s u c h   d i m e n s i o n a l l y   s t a b l e   a n o d e s   w h i c h   a l l o w s  

r u t h e n i u m   t o   be  a p p l i e d   as  e f f i c i e n t l y   as  p o s s i b l e   t o  

m a i n t a i n   a  r e d u c e d   p o t e n t i a l ,   s i g n i f i c a n t   e n e r g y   s a v i n g s ,   a n d  

an  e x t e n d e d   s e r v i c e   l i f e   as  an  o x y g e n   e v o l v i n g   a n o d e .  



A  f u r t h e r   o b j e c t   of  t h e   i n v e n t i o n   i s   to   m a n u f a c t u r e   s u c h  

d i m e n s i o n a l l y   s t a b l e   a n o d e s   w h i c h   may  be  a p p l i e d   m o r e  

p a r t i c u l a r l y   as  o x y g e n   e v o l v i n g   a n o d e s   in  p r o c e s s e s   f o r  

e l e c t r o w i n n i n g   m e t a l s   f rom  a c i d   e l e c t r o l y t e s .  

The  i n v e n t i o n   p r o v i d e s   t h e   m a n u f a c t u r i n g   m e t h o d   s e t   f o r t h   i n  

t h e   c l a i m s   w i t h   a  v i e w   to   m e e t i n g   t h e   a b o v e   o b j e c t s   as  f a r   a s  

p o s s i b l e .  

I t   h a s   b e e n   e x p e r i m e n t a l l y   e s t a b l i s h e d   t h a t   an  o x y g e n  

e v o l v i n g   a n o d e   a c c o r d i n g   t o   t h e   i n v e n t i o n   mus t   c o m p r i s e   a  

m i n i m u m   p r o p o r t i o n   of   m a n g a n e s e   in   o r d e r   to   be  a b l e   t o   e n s u r e  

an  a d e q u a t e   a n o d e   l i f e   u n d e r   o x y g e n   e v o l v i n g   c o n d i t i o n s .  

I t   h a s   b e e n   e s t a b l i s h e d   in   t h i s   c o n n e c t i o n   t h a t   t h e   c o a t i n g  

c o m p o s i t i o n   m u s t   be  s e l e c t e d   w i t h i n   t h e   r a n g e   c o r r e s p o n d i n g  

to   RuO2  and  MnO2  i n   a  m o l e   r a t i o   f rom  1 :1   to   1 : 9 ,   a n d  

p r e f e r a b l y  b e t w e e n   1 :2   and  1 : 4 ,   in   o r d e r   to   be  a b l e   t o  

m a i n t a i n   a  l ow,   p r a c t i c a l l y   c o n s t a n t   o x y g e n   p o t e n t i a l   and   t o  

e n s u r e   a  h i g h   a n o d e   l i f e   u n d e r   o x y g e n   e v o l v i n g   c o n d i t i o n s .  

The  p r o p o r t i o n   of   m a n g a n e s e   in   t h e   o x i d e   c o a t i n g   may  m o r e o v e r  

be  c o n s i d e r a b l y   i n c r e a s e d   w i t h i n   s a i d  r a n g e ,   w i t h o u t   n o t a b l y  

i n c r e a s i n g   t h e   o x y g e n   p o t e n t i a l ,   w h i l e   t h e   a n o d e   l i f e   u n d e r  

o x y g e n   e v o l v i n g   c o n d i t i o n s   may  be  s i g n i f i c a n t l y   i n c r e a s e d  

when  t h e   p r o p o r t i o n   of  m a n g a n e s e   in  t h e   o x i d e   c o a t i n g   i s  

i n c r e a s e d   t o w a r d s   i t s   u p p e r   l i m i t   w i t h i n   s a i d   r a n g e .  

I t   h a s   a l s o   b e e n   e s t a b l i s h e d   t h a t   t h e   number   of  o x i d e   l a y e r s  

a p p l i e d   a c c o r d i n g   t o   t h e   i n v e n t i o n   i s   i m p o r t a n t   w i t h   r e g a r d  

t o   t h e   a n o d e   l i f e .   I t   m u s t   be  more   p a r t i c u l a r l y   s e l e c t e d   f r o m  

t h e   r a n g e   b e t w e e n   6  and  35  l a y e r s ,   p r e f e r a b l y   b e t w e e n   a b o u t  

10  and   a b o u t   20  l a y e r s ,   n a m e l y   a c c o r d i n g   to   t h e   s e l e c t e d  

c o a t i n g   c o m p o s i t i o n   and  t h e   t o t a l   r u t h e n i u m   l o a d i n g   a p p l i e d  

in  e a c h   c a s e .   T h i s   l o a d i n g   l i e s   w i t h i n   t he   r a n g e   f rom  4  t o  

20,  p r e f e r a b l y   a b o u t   6  t o   a b o u t   12  g r a m s   of  r u t h e n i u m   p e r  

s q u a r e   m e t e r   of  t h e   a n o d e   b a s e   s u r f a c e .   S a i d   l o a d i n g   s h o u l d  

be  s e l e c t e d   f rom  c a s e   t o   c a s e   a c c o r d i n g   to   t he   c o m p o s t i o n   o f  

t h e   c o a t i n g   p r o d u c e d   a c c o r d i n g   t o   t h e   i n v e n t i o n .  



T h u s ,   i t   h a s   b e e n   e s t a b l i s h e d   t h a t   s t a b l e   o x i d e   c o a t i n g s   w i t h  

a  h i g h   p r o p o r t i o n   of  m a n g a n e s e   may  be  a d v a n t a g e o u s l y   p r o d u c e d  

in  t h e   c o m p o s i t i o n   r a n g e   a c c o r d i n g   to   t h e   i n v e n t i o n   b y  

a p p l y i n g   a  r e l a t i v e l y   low  r u t h e n i u m   l o a d i n g   of   4  to   8  g / m 2  

in  10  t o   20  l a y e r s .   On  t h e   o t h e r   h a n d ,   o x i d e   c o a t i n g s   w i t h   a  

m i n i m u m   p r o p o r t i o n   of   m a n g a n e s e ,   c o r r e s p o n d i n g   t o   t h e   1 : 1  

m o l e   r a t i o   of   t h e   c o m p o s i t i o n   r a n g e   a c c o r d i n g   t o   t h e  

i n v e n t i o n ,   s h o u l d   be  p r o d u c e d   w i t h   a  h i g h e r   r u t h e n i u m   l o a d i n g  

of  8  t o   20  g /m2  w h i c h   i s   a p p l i e d   in  a  r e l a t i v e l y   l a r g e  

n u m b e r   o f   l a y e r s ,   n a m e l y   10  t o   20  l a y e r s ,   or  m o r e ,   in   o r d e r  

t o   p r o v i d e   an  a d e q u a t e   a n o d e   l i f e .  

The  r u t h e n i u m   and  m a n g a n e s e   c o m p o u n d s   c o n t a i n e d   in   t h e  

c o a t i n g   s o l u t i o n   w h i c h   i s   a p p l i e d   a c c o r d i n g   t o   t h e   i n v e n t i o n  

s h o u l d   be  c o m p l e t e l y   d i s s o l v e d   in  the   in  o r d e r   t o   e n s u r e   a  

u n i f o r m ,   u l t r a f i n e   m i x t u r e   of   r u t h e n i u m   and  m a n g a n e s e  

t h r o u g h o u t   t h e   o x i d e   c o a t i n g   o b t a i n e d   by  t h e r m a l   c o n v e r s i o n .  

The  i n v e n t i o n   was  s u c c e s s f u l l y   c a r r i e d   o u t   w i t h   r u t h e n i u m  

c h l o r i d e   and   m a n g a n e s e   n i t r a t e   or   m a n g a n e s e   o x a l a t e .  

C o a t i n g   s o l u t i o n s   w e r e   s u c c e s s f u l l y   a p p l i e d   a c c o r d i n g   t o   t h e  

i n v e n t i o n   w h i c h   c o m p r i s i e d   an  a q u e o u s   s o l v e n t   or  an  o r g a n i c  

s o l v e n t ,   m o r e   p a r t i c u l a r l y   e t h a n o l ,   or  b u t a n o l .  

C o n c e n t r a t e d   h y d r o c h l o r i c   a c i d   was  a l s o   i n c l u d e d   in   an  a m o u n t  

c o r r e s p o n d i n g   t o   a b o u t   4 %  -   15%  by  w e i g h t   of  t h e   c o a t i n g  

s o l u t i o n ,   w h i c h   l i k e w i s e   p r o v i d e d   a  good  c o a t i n g .  

The  t h e r m a l   d e c o m p o s i t i o n   t e m p e r a t u r e s   of  t h e   r u t h e n i u m   a n d  

m a n g a n e s e   c o m p o u n d s   u s e d   t o   p r o d u c e   an  o x i d e   c o a t i n g  

a c c o r d i n g   t o   t h e   i n v e n t i o n   d i f f e r   c o n s i d e r a b l y ,   so  t h a t   t h e y  

m u s t   be   s u b j e c t e d   t o   h e a t   t r e a t m e n t   at  a  t e m p e r a t u r e   w h i c h   i s  

s p e c i a l l y   s e l e c t e d   so  as  t o   be  s u i t a b l e   t o   e n s u r e   t h e i r  

s i m u l t a n e o u s   c o n v e r s i o n   i n t o   a  s a t i s f a c t o r y ,   u n i f o r m   o x i d e  

c o a t i n g .   I t   h a s   b e e n   e x p e r i m e n t a l l y   e s t a b l i s h e d   t h a t   h e a t  

t r e a t m e n t   a t   a  t e m p e r a t u r e   of   a b o u t   400°C  i s   e s s e n t i a l   i n  

o r d e r   t o   t o   e n s u r e   a  s a t i s f a c t o r y   c o a t i n g   a c c o r d i n g   to   t h e  

i n v e n t i o n ,   w h e r e a s   i t   was  f o u n d   t h a t   s i g n i f i c a n t l y   h i g h e r   o r  

l o w e r   t e m p e r a t u r e s ,   a b o v e   4 2 0 ° C ,   or  b e l o w   3 8 0 ° C ,   d o e s   n o t  

p r o v i d e   a  s a t i s f a c t o r y   c o a t i n g .  



The  f o l l o w i n g   e x a m p l e s   i l l u s t r a t e   d i f f e r e n t   modes   of  c a r r y i n g  

o u t   t h e   i n v e n t i o n .  

E x a m p l e   1 

T i t a n i u m   a n o d e s   c o m p r i s i n g   a  c a t a l y t i c   Ru-Mn  o x i d e   c o a t i n g  

w i t h   a  c o m p o s i t i o n   c o r r e s p o n d i n g   to   a  50  RuO2/50   MnO2 

m o l e   r a t i o   we re   m a n u f a c t u r e d   in  t h e   f o l l o w i n g   m a n n e r .  

A  h o m o g e n e o u s   c o a t i n g   s o l u t i o n   of   r u t h e n i u m   c h l o r i d e   a n d  

m a n g a n e s e   n i t r a t e   d i s s o l v e d   in  w a t e r   in   a  m o l e   r a t i o   1 :1   w a s  

p r e p a r e d   w i t h   t h e   f o l l o w i n g   c o m p o s i t i o n   by  w e i g h t :  

1 0 . 5  %   R u C l 3 a q . ( 4 0 %   R u ) ;   1 0 . 5   %  M n ( N 0 3 ) 2 . 4   H2O;  4 . 7  %  

HC1  (10  N);   7 4 . 3   %  H 2 0 .  
T i t a n i u m   c o u p o n s   ( 1 0 0 x 2 0 x l m m )   were   p r e t r e a t e d   by  s a n d b l a s t i n g  

and  e t c h i n g   in  b o i l i n g   15%  HC1  f o r   3 0  m i n u t e s .  

The  c o a t i n g   s o l u t i o n   was  s u c c e s s i v e l y   a p p l i e d   w i t h   a  b r u s h   i n  

10  l a y e r s   t o   t h e   p r e t r e a t e d   t i t a n i u m   c o u p o n s .   Each   a p p l i e d  

l a y e r   of   s o l u t i o n   was  d r i e d   f o r   5  m i n u t e s   in  a i r   a t   100°C  a n d  

t h e   r e s u l t i n g   d r i e d   l a y e r   was  h e a t   t r e a t e d   a t   400°C  f o r   1 0  

m i n u t e s   in  a  s t r e a m   of  a i r ,   w h e r e b y   t h e   m e t a l   s a l t s   a r e  

t h e r m a l l y   d e c o m p o s e d   and  c o n v e r t e d   to   o x i d e .  

The  o x i d e   c o a t i n g   t h u s   p r o d u c e d   in  10  l a y e r s   w i t h   a  m o l a r  

c o m p o s i t i o n   c o r r e s p o n d i n g   to   50  R u 0 2 / 5 0   M n O 2  c o n t a i n e d  

r u t h e n i u m   in  a  s p e c i f i c   a m o u n t   or  l o a d i n g   p e r   u n i t   a r e a   o f  

t h e   t i t a n i u m   s u b s t r a t e   s u r f a c e   c o r r e s p o n d i n g   to   8  g / m 2 .  

One  a n o d e   (S46)   w i t h   a  c o a t i n g   t h u s   p r o d u c e d   in  10  l a y e r s  

w i t h   a  t o t a l   l o a d i n g   of   Ru  =  8  g /m2  was  s u b j e c t e d   to   a n  

a c c e l e r a t e d   l i f e   t e s t   by  o p e r a t i n g   i t   a t   7500  A/m2  as  a n  

o x y g e n   e v o l v i n g   a n o d e   in   150  g p l   H2S04 ,   w h i l e   t he   a n o d e  

o p e r a t i n g   p o t e n t i a l   was  m o n i t o r e d   u n t i l   i t   e x h i b i t e d   a  s t e e p  

r i s e   i n d i c a t i n g   a n o d e   f a i l u r e .   The  a c c e l e r a t e d   t e s t   l i f e t i m e  

of  t h i s   a n o d e   (S46)   was  90  h o u r s .  

A n o t h e r   a n o d e   (S28)   was  s i m i l a r l y   p r o d u c e d  ,   e x c e p t   t h a t  

m a n g a n e s e   o x a l a t e   was  u s e d   in  t h i s   c a s e   to   r e p l a c e   m a n g a n e s e  

n i t r a t e   p r e v i o u s l y   u s e d .   T h i s   a n o d e   ( S 2 8 )   e x h i b i t e d   a n  

a c c e l e r a t e d   t e s t   l i f e t i m e   of  85  h o u r s   a t   7500  A / r 2 . .  



E x a m p l e   2 

T i t a n i u m   a n o d e s   w i t h   a  c a t a l y t i c   Ru-Mn-Co  o x i d e   c o a t i n g   w e r e  

p r e p a r e d   u n d e r   t h e   c o n d i t i o n s   d e s c r i b e d   in  E x a m p l e   1,  e x c e p t  

t h a t   a  s o l u t i o n   of  r u t h e n i u m   c h l o r i d e ,   m a n g a n e s e   n i t r a t e   a n d  

c o b a l t   n i t r a t e   d i s s o l v e d   in   w a t e r   was  p r e p a r e d   w i t h   t h e  

f o l l o w i n g   c o m p o s i t i o n   by  w e i g h t :  

10%  RuCl3  a q . ( 4 0 %   R u ) ;   10%  M n ( N O 3 ) 2 . 4 H 2 O ;  

2.6%  C o ( N O 3 ) 2 · 6 H 2 O ;   12%  H C l ( 1 0 N ) ;   65.4%  H 2 O .  

A  t i t a n i u m   c o u p o n   was  p r e t r e a t e d   as  in  E x a m p l e   1,  c o a t e d   b y  

a p p l y i n g   t h i s   s o l u t i o n   in   10  l a y e r s ,   d r y i n g   and  h e a t   t r e a t i n g  

as  d e s c r i b e d   in   E x a m p l e   1,  so  as  to   p r o d u c e   an  o x i d e   c o a t i n g  

in  10  l a y e r s   w i t h   a  t o t a l   l o a d i n g   of  Ru  =  8  g /m2  and   a n  

o v e r a l l   c o m p o s i t i o n   c o r r e s p o n d i n g   to   RuO2,  MnO2,  a n d  

C o - o x i d e   in   a  m o l e   r a t i o   of  4 5 : 4 5 : 1 0 .  

The  c o a t e d   a n o d e   ( S 3 7 - I )   t h u s   o b t a i n e d   was  t e s t e d   as  a n  

o x y g e n   e v o l v i n g   a n o d e   o p e r a t i n g   a t   500  A/m2  in   150  g p l  

H2SO4,  had  an  i n i t i a l   o x y g e n   p o t e n t i a l   of   1 . 5 0   V  v s . N H E ,  

and  was  s t i l l   o p e r a t i n g   w i t h   an  o x y g e n   p o t e n t i a l   o f   1 . 7 0   V 

v s .   NHE  a f t e r   20  m o n t h s .   A  s i m i l a r   a n o d e   ( S 3 7 - I )   w a s  

s u b j e c t e d   t o   t h e   a c c e l e r a t e d   l i f e   t e s t   d e s c r i b e d   i n   E x a m p l e   1 

and  i t s   a c c e l e r a t e d   t e s t   l i f e   was  90  h o u r s   a t   7 5 0 0   A / m 2 .  

O t h e r   a n o d e s   ( S 3 7 - I I )   w e r e   p r e p a r e d   u n d e r   s i m i l a r   c o n d i t i o n s ,  

e x c e p t   t h a t   t h e   c o a t i n g   s o l u t i o n   used   in  t h i s   c a s e   had   t h e  

f o l l o w i n g   c o m p o s i t i o n   by  w e i g h t :   10%  RuCl3  a q . ( 4 0 %   R u ) ;  

8.8%  Mn(NO3)2O;   1 .2%  C o ( N O 3 ) 2 . 6   H2O; 

12.2%  H C l ( 1 0 N ) ;   67 .8%  H20 .   The  c o a t e d   a n o d e s   p r o d u c e d   f r o m  

t h i s   s o l u t i o n   had   an  o x i d e   c o a t i n g   w i t h   a  l o a d i n g   o f  

Ru  =  8  g/m2  and   an  o v e r a l l   c o m p o s i t i o n   c o r r e s p o n d i n g   t o  

R u O 2 ,  M n O 2 ,  a n d  C o - o x i d e  i n   a  m o l e   r a t i o   of   5 0 : 4 5 : 5 .  

One  s u c h   a n o d e   was  o p e r a t e d   a t   500  A/m2  in  150  g p l  

H2S04 ,   had  an  i n i t i a l   o x y g e n   p o t e n t i a l   of  1 . 6 0   V  v s .   NHE 

( N o r m a l   H y d r o g e n   E l e c t r o d e ) ,   and  f a i l e d   a f t e r   13  m o n t h s   a t  

500  A/m2.   A  s i m i l a r   a n o d e   ( S 3 7 - I I )   e x h i b i t e d   an  a c c e l e r a t e d  

t e s t   l i f e   of  40  h o u r s   a t   7500  A/m2  in  150  gpl   H 2 S O 4 .  



E x a m p l e   3 

T i t a n i u m   a n o d e s   w i t h   a  c a t a l y t i c   Ru-Mn  o x i d e   c o a t i n g  

c o n t a i n i n g   d i s p e r s e d   a n a t a s e   T i 0 2   p o w d e r   of  s u b m i c r o n i c  

p a r t i c l e   s i z e ,   w e r e   p r o d u c e d   as  d e s c r i b e d   in  E x a m p l e   1,  i n  

t h e   f o l l o w i n g   m a n n e r .  

The  c o a t i n g   s o l u t i o n   u s e d   in  t h i s   c a s e   c o m p r i s e d   r u t h e n i u m  

c h l o r i d e   and  m a n g a n e s e   n i t r a t e   d i s s o l v e d   in   a  50  Ru /50   Mn 

m o l e   r a t i o   in  n - b u t y l   a l c o h o l ,   f u r t h e r   c o n t a i n e d   a n a t a s e  

T i 0 2   p o w d e r   u n i f o r m l y   d i s p e r s e d   t h r o u g h o u t   t h e   s o l u t i o n ,  

and   h a d   t h e   f o l l o w i n g   c o m p o s i t i o n   by  w e i g h t :  

12 .6%  RuCl3   a q . ( 4 0 %   Ru) ;   12.2%  M n ( N 0 3 ) 2 . 4   H2O;  
3.9%  d i s p e r s e d   a n a t a s e   T i 0 2   p o w d e r ;   71.3%  BuOH.  

T h i s   s o l u t i o n   was  s u c c e s s i v e l y   a p p l i e d   in  7  l a y e r s   a n d  

c o n v e r t e d   to   o x i d e   u n d e r   t h e   c o n d i t i o n s   d e s c r i b e d   in  E x a m p l e  

1,  so  as  t o   p r o d u c e   a  c a t a l y t i c   Ru-Mn  o x i d e   c o a t i n g  

c o n t a i n i n g   u n i f o r m l y   d i s p e r s e d   a n a t a s e   T i 0 2  p o w d e r ,   a p p l i e d  

in   7  l a y e r s   w i t h   a  l o a d i n g   of  Ru =  15  g /m2  and   an  o v e r a l l  

c o m p o s i t i o n   c o r r e s p o n d i n g   t o   Ru02,   Mn02,  and   T i 0 2   in  a  

m o l e   r a t i o   of  1 : 1 : 1 .  

One  a n o d e   ( S 1 4 1 )   t h u s   p r o d u c e d   in  7  l a y e r s   w i t h   a  t o t a l  

l o a d i n g   of  Ru =  15  g / m 2 ,   was  s u b j e c t e d   t o   an  a c c e l e r a t e d  

l i f e   t e s t   as  d e s c r i b e d   in   E x a m p l e   1  and  e x h i b i t e d   a  t e s t   l i f e  

of  175  h o u r s   a t   7500  A/m2  in  150  gpl  H 2 S O 4 .  
A n o t h e r   a n o d e   ( S 1 4 1 )   p r o d u c e d   in  e x a c t l y   t h e   same  m a n n e r   w a s  

t e s t e d   as  an  o x y g e n - e v o l v i n g   a n o d e   o p e r a t i n g   a t   500  A/m2  i n  

150  g p l   H2S04 ,   had   an  i n i t i a l   o x y g e n   p o t e n t i a l   of  1 . 53   V 

v s .   NHE,  and  o p e r a t e d   a t   1 . 6 3   V  v s .   NHE  a f t e r   23  m o n t h s .  

A  s e c o n d   s e t   of  a n o d e s   ( S 1 4 2 )   was  p r e p a r e d   by  a p p l y i n g   8 

l a y e r s   of  t h e   same  c o a t i n g   s o l u t i o n ,   w h i c h   was  d r i e d ,   a n d  

t h e r m a l l y   c o n v e r t e d ,   as  d e s c r i b e d   in  E x a m p l e   1,  so  as  t o  

p r o d u c e   an  o x i d e   c o a t i n g   a p p l i e d   in  in  t h i s   c a s e   in  8  l a y e r s  

w i t h   a  t o t a l   l o a d i n g   of  Ru  =  8  g /m2,   and  w i t h   t h e   s ame  

o v e r a l l   c o m p o s i t i o n   c o r r e s p o n d i n g   to   Ru02  and  Mn02  in  a 

m o l e   r a t i o   of  1 : 1 .  



One  a n o d e   ( S 1 4 2 )   of  t h i s   s e c o n d   s e t   was  t e s t e d   a t   500  A / m 2  

in  150  gpl   H2SO4,   and   o p e r a t e d   w i t h   an  o x y g e n   p o t e n t i a l  

of  1 . 5 7   V  vs .   NHE  a f t e r   7000  h o u r s   (292  d a y s )   u n d e r   t h e s e  

t e s t   c o n d i t i o n s .  

A n o t h e r   anode   ( S 1 4 2 )   of   t h i s   s e c o n d   s e t   e x h i b i t e d   a n  

a c c e l e r a t e d   t e s t   l i f e   in   150  gp l   H2S04  of  79  h o u r s   a t  

7500   A / m 2 .  

F u r t h e r   a n o d e s   w e r e   p r e p a r e d   in   a  s i m i l a r   m a n n e r   f rom  t w o  

c o a t i n g   s o l u t i o n s ,   so  as   t o   p r o d u c e   o x i d e   c o a t i n g s   w i t h   a  

l o a d i n g   of  Ru  =  8  g/m 2  and  o v e r a l l   c o m p o s i t i o n s  

c o r r e s p o n d i n g   t o  R u O 2 ,   Mn02,  and  TiO2  ( p o w d e r )   i n   a  

m o l e   r a t i o   of  1 : 1 : 3   a n d   2 : 2 : 1 , r e s p e c t i v e l y .  

An  a n o d e   ( S 1 4 3 )   w i t h   a  c o a t i n g   c o m p o s i t i o n   c o r r e s p o n d i n g   t o :  

1  R u 0 2 : 1   Mn02:3   T i 0 2 ( p o w d e r )   e x h i b i t e d   an  a c c e l e r a t e d  

t e s t   l i f e   of  68  h o u r s   a t   7500  A/m2  in  150  g p l   H 2 S O 4 .  
A n o t h e r   anode   ( S 1 4 4 )   w i t h   a  c o a t i n g   c o r r e s p o n d i n g   t o  :  

2  R u 0 2 : 2   Mn02:1   T i 0 2   ( p o w d e r )   had   an  a c c e l e r a t e d   t e s t  

l i f e   of  80  h o u r s   a t   7 5 0 0   A / m 2 .  

E x a m p l e   4  

T i t a n i u m   a n o d e s   w i t h   a  c a t a l y t i c   Ru-Mn  o x i d e   c o a t i n g  

c o n t a i n i n g   d i s p e r s e d   t i t a n i u m   m e t a l   p o w d e r   w i t h   a  p a r t i c l e  

s i z e   of  20  to   40  m i c r o n s ,   w e r e   p r o d u c e d   as  f o l l o w s .  

The  c o a t i n g   s o l u t i o n   u s e d   in  t h i s   c a s e   c o m p r i s e d   r u t h e n i u m  

c h l o r i d e   and  m a n g a n e s e   n i t r a t e   d i s s o l v e d   in   a  1 : 1   mo le   r a t i o  

in  w a t e r ,   f u r t h e r   c o n t a i n e d   t i t a n i u m   m e t a l   p o w d e r   u n i f o r m l y  

d i s p e r s e d   t h r o u g h o u t   t h e   s o l u t i o n ,   and  h a d   t h e   f o l l o w i n g  

o v e r a l l   c o m p o s i t i o n   by  w e i g h t :   10.3%  RuCl3   a q . ( 4 0 %   R u ) ;  

10 .1%  M n ( N 0 3 ) 2 . 4 H 2 0 ;   2%  d i s p e r s e d   Ti  p o w d e r  ;   4.6%  HC1 

( 1 0 N ) ;   73%  H 2 0 .  
T h i s   s o l u t i o n   was  a p p l i e d   in  7  l a y e r s   and  c o n v e r t e d   t o   o x i d e  

as  d e s c r i b e d   in   E x a m p l e   1,  so  as  to   p r o d u c e   an  o x i d e   c o a t i n g  

c o n t a i n i n g   u n i f o r m l y   d i s p e r s e d   t i t a n i u m   p o w d e r ,   w h i c h   w a s  



a p p l i e d   in  7  l a y e r s   w i t h   a  t o t a l   l o a d i n g   of  Ru  =   8 . 4 g / m 2  

and  an  o v e r a l l   c o m p o s i t i o n   c o r r e s p o n d i n g   t o   a  m o l e   r a t i o   o f  

38  R u 0 2 : 3 8   M n 0 2 : 2 4   Ti  ( p o w d e r ) .  

An  a n o d e   ( S 4 8 ) ,   w i t h   a  c o a t i n g   t h u s   a p p l i e d   in  7  l a y e r s   w i t h  

Ru =   8 . 4 g / m 2 ,   was  s u b j e c t e d   to   an  a c c e l e r a t e d   l i f e   t e s t   a s  

d e s c r i b e d   in   E x a m p l e   1  and  e x h i b i t e d   an  a c c e l e r a t e d   t e s t   l i f e  

in  150  g p l   H2S04  of   134  h o u r s   a t   7500  A / m 2  .  

I t   may  t h u s   be  s e e n   t h a t   t h e   a d d i t i o n   of   d i s p e r s e d   t i t a n i u m  

p o w d e r   t o   t h e   o x i d e   c o a t i n g   of  t h i s   a n o d e   ( S 4 8 )   w i t h   Ru  =  8 . 4  

g/m2  and  a  c o m p o s i t i o n   c o r r e s p o n d i n g   t o   RuO2and   MnO2  i n  

a  m o l e   r a t i o   of  1 : 1 ,   p r o v i d e s   an  a n o d e   w i t h   i m p r o v e d  

s t a b i l i t y   t o   o x y g e n   e v o l u t i o n .   T h i s   i m p r o v e m e n y t   i s   a p p a r e n t  

f rom  t h e   a c c e l e r a t e d   t e s t   l i f e   of  137  h o u r s   a t   7500  A / m 2  

o b t a i n e d   w i t h   t h i s   a n o d e   ( S 4 8 ) ,   w h i c h   i s   s i g n i f i c a n t l y   h i g h e r  

t h a n   t h e   90  h o u r s   o b t a i n e d   w i t h   t h e   a n o d e   ( S 4 6 )   in   E x a m p l e   1 ,  

w h i c h   had   n e a r l y   t h e   same  l o a d i n g   of  Ru  =  8  g / m 2 ,   and  a  

c o a t i n g   c o m p o s i t i o n   w i t h   t h e   same  1 :1   m o l e   r a t i o   o f  

RuO2:MnO2  ( b u t   c o n t a i n i n g   no  d i s p e r s e d   T i ) .  

A  s i m i l a r   i m p r o v e m e n t   due  to   t h e   a d d i t i o n   of   d i s p e r s e d  

t i t a n i u m   p o w d e r   may  be  o b s e r v e d   by  c o m p a r i n g   t h i s   a n o d e   ( S 4 8 )  

h a v i n g   an  a c c e l e r a t e d   t e s t   l i f e   of  137  h o u r s   f o r   w i t h   t h e  

w i t h   t h e   a n o d e s   ( S 1 4 2 ) ,   ( S 1 4 3 ) ,   and  ( S 1 4 4 )   of  E x a m p l e   3 ,  

w h i c h   had  an  a c c e l e r a t e d   t e s t   l i f e   of  7 0 - 8 0   h o u r s   o b t a i n e d  

w i t h   n e a r l y   t h e   same  l o a d i n g   of  Ru  =  8  g / m 2   and  a  c o a t i n g  

c o m p o s i t i o n   w i t h   t h e   same  1:1  mo le   r a t i o   of  RuO2:MnO2 
( b u t   c o n t a i n i n g   d i s p e r s e d   a n a t a s e   T i 0 2 ) .  

T h i s   o b s e r v e d   s i g n i f i c a n t   i m p r o v e m e n t   of  t h e   a n o d e   s t a b i l t y  

due  t o   t h e   a d d i t i o n   of  d i s p e r s e d   t i t a n i u m   p o w d e r   can   n o t   b e  

e x a c t l y   e x p l a i n e d ,   b u t   m i g h t   p o s s i b l y   be  a t t r i b u t e d   to   a  

f a v o r a b l e   e f f e c t   of   t h e   d i s p e r s e d   t i t a n i u m   p o w d e r   on  t h e  

s u r f a c e   of  t h e   Ru-Mn  o x i d e   c o a t i n g ,   or  t o   a  f a v o r a b l e  

c h e m i c a l   i n t e r a c t i o n   b e t w e e n   t h e   d i s p e r s e d   t i t a n i u m   p o w d e r  

and  t h e   Ru-Mn  o x i d e   d u r i n g   i t s   f o r m a t i o n ,   or  p o s s i b l y   b o t h  

t o g e t h e r .  



E x a m p l e   5 

T i t a n i u m   a n o d e s   c o m p r i s i n g   a  c a t a l y t i c   Ru-Mn  o x i d e   c o a t i n g  

w i t h   an  o v e r a l l   c o m p o s i t i o n   c o r r e s p o n d i n g   to   Ru02  a n d  

MnO2  in   a  mole   r a t i o   of   3 0 : 7 0   w e r e   m a n u f a c t u r e d   in  t h e  

f o l l o w i n g   m a n n e r .  

A  c o a t i n g   s o l u t i o n   of   r u t h e n i u m   c h l o r i d e   and  m a n g a n e s e  

n i t r a t e   d i s s o l v e d   in  a  m o l e   r a t i o   of  3 0 : 7 0   in  1 - b u t y l   a l c o h o l  

was  p r e p a r e d   w i t h   t h e   f o l l o w i n g   c o m p o s i t i o n   by  w e i g h t :  

11.1%  R u C l 3 a q . ( 4 0 %   R u ) ;   25 .8%  M n ( N O 3 ) 2 . 4 H 2 O ;  

63.1%  b u t a n o l .  

T i t a n i u m   c o u p o n s   ( 1 0 0 x 2 0 x l m m )   w e r e   p r e t r e a t e d   b y  

s a n d b l a s t i n g ,   t r e a t i n g   in   1 , 1 , 1 - t r i c h l o r e t h a n e   f o r   1 0  

m i n u t e s ,   and  e t c h i n g   in   o x a l i c   a c i d   a t   80°C  f o r   6  h o u r s .  

The  c o a t i n g   s o l u t i o n   was  s u c c e s s i v e l y   a p p l i e d   w i t h   a  b r u s h   i n  

20  l a y e r s   t o   t h e   p r e t r e a t e d   t i t a n i u m   c o u p o n s ,   e a c h   a p p l i e d  

l a y e r   o f   s o l u t i o n   was  d r i e d   f o r   10  m i n u t e s   in  a i r   a t   1 2 0 ° C ,  

and  e a c h   d r i e d   l a y e r   was  h e a t   t r e a t e d   a t   400°C  f o r   10  m i n u t e s  

in  a  s t r e a m   of   a i r ,   w h e r e b y   t h e   m e t a l   s a l t s   a r e   t h e r m a l l y  

d e c o m p o s e d   and  c o n v e r t e d   t o   o x i d e .   The  r e s u l t i n g   o x i d e  

c o a t i n g ,   w i t h   a  30  R u 0 2 : 7 0   Mn02  c o m p o s i t i o n   a p p l i e d   in   2 0  

l a y e r s ,   had   a  l o a d i n g   of   Ru  =  8  g / m 2 .  

One  a n o d e   (B2)  w i t h   a  c o a t i n g   t h u s   p r o d u c e d   in  20  l a y e r s   w i t h  

Ru  =  8 g / m 2   e x h i b i t e d   an  a c c e l e r a t e d   t e s t   l i f e   of   176  h o u r s  

a t   7500   A/m2  in  150  g p l   H 2 S O 4 .  

A n o t h e r   a n o d e   (BI)   was  s i m i l a r l y   p r o d u c e d ,   b u t   by  a p p l y i n g   1 3  

l a y e r s   of  t h e   same  c o a t i n g   s o l u t i o n ,   so  as  t o   p r o d u c e   a  

c o a t i n g   w i t h   a  l o a d i n g   of  Ru=6  g / m 2 ,   and  i t   e x h i b i t e d   a n  

a c c e l e r a t e d   t e s t   l i f e   of   142  h o u r s   a t   7500  A / m 2 .  

A n o t h e r   a n o d e   (B4)  was  s i m i l a r l y   p r o d u c e d ,   b u t   by  a p p l y i n g   3 0  

l a y e r s   of  t h e   same  s o l u t i o n ,   so  as  to   o b t a i n   a  c o a t i n g   w i t h   a  

l o a d i n g   of  Ru  =  12  g /m2 ,   and  i t   e x h i b i t e d   an  a c c e l e r a t e d  

t e s t   l i f e   of  137  h o u r s   a t   7 5 0 0   A/m2  in  150  gp l   H 2 S 0 4 .  



A  c o m p a r a t i v e   t i t a n i u m   a n o d e   ( 0 4 2 )   w i t h   a  c a t a l y t i c   R u - o x i d e  

c o a t i n g   c o n t a i n i n g   d i s p e r s e d   b e t a - M n O 2   p o w d e r   w i t h   a  m e a n  

p a r t i c l e   s i z e   of  40  m i c r o n s ,   was  p r o d u c e d   in  t h e   m a n n e r  

d e s c r i b e d   in  E x a m p l e   1,  bu t   by  s u c c e s s s i v e l y   a p p l y i n g   f i v e  

R u - o x i d e   l a y e r s   h a v i n g   a  t o t a l   l o a d i n g   of  Ru  =  8  g / m 2 ,   a n d  

c o n t a i n i n g   d i s p e r s e d   MnO2  p o w d e r   in  an  a m o u n t   c o r r e s p o n d i n g  

to   t h e   same  o v e r a l l   c o a t i n g   c o m p o s i t i o n   as  t h e   a n o d e s   BI ,   B 2 ,  

B4  a b o v e ,   n a m e l y   30%  Ru02  and   70%  MnO2  ( a p p l i e d   as   a  

d i s p e r s e d ,   p r e f o r m e d   p o w d e r   in  t h i s   c o m p a r a t i v e   a n o d e   Q 4 2 ) .  

The  c o a t i n g   s o l u t i o n   u s e d   in   t h i s   c a s e   c o m p r i s e d   d i s s o l v e d  

r u t h e n i u m   c h l o r i d e   and  d i s p e r s e d   K n O 2  p o w d e r ,   and   had   t h e  

f o l l o w i n g   c o m p o s i t i o n   by  w e i g h t :   1 2 . 7   %  RuCl3   a q . ( 4 0   %  R u ) ;  

1 0 . 0   %  d i s p e r s e d   b e t a - M n 0 2   p o w d e r   (mean  s i z e   40  m i c r o n s ) ;  

5 .3   %  HC1  (10  N);   72  %  n - b u t y l   a l c o h o l .  

T h i s   s o l u t i o n   was  a p p l i e d   in   5  l a y e r s   and  c o n v e r t e d   t o   o x i d e  

as  d e s c r i b e d   in  E x a m p l e   1,  so  as   t o   p r o d u c e   a  r u t h e n i u m   o x i d e  

c o a t i n g   c o n t a i n i n g   d i s p e r s e d   b e t a - M n O 2   p o w d e r ,   f o r m e d   in   5  

l a y e r s   w i t h   a  t o t a l   l o a d i n g   of   Ru  =  8  g / m 2 .  

The  c o m p a r a t i v e   a n o d e   ( Q 4 2 ) ,   t h u s   o b t a i n e d   w i t h   a  c o a t i n g  

a p p l i e d   in  5  l a y e r s   w i t h   a  c o m p o s i t i o n   c o r r e s p o n d i n g   t o   3 0  

Ru02  and  70  M n O 2 ( p o w d e r )   and   a  l o a d i n g   of  Ru  =  8  g / m 2 ,  

e x h i b i t e d   an  a c c e l e r a t e d   t e s t   l i f e   of  60  h o u r s   a t   7 5 0 0 A / m 2 .  

I t   may  t h u s   be  s e e n   t h a t   t h i s   c o m p a r a t i v e   a n o d e   (Q42)   h a v i n g  

a  c o a t i n g   w i t h   t h e   same  o v e r a l l   c o m p o s i t i o n   as  B2,  b u t  

c o n t a i n i n g   MnO2  p o w d e r   w h i c h   i s   p r e f o r m e d   and   d i s p e r s e d ,  

e x i h i b i t s   an  a c c e l e r a t e d   t e s t   l i f e   of  60  h o u r s   a t   7 5 0 0 A / m 2 ,  

w h i l e   a n o d e   B2  w i t h   t h e   same  l o a d i n g   of  Ru  =  8  g /m2   and  t h e  

same  o v e r a l l   c o a t i n g   c o m p o s i t i o n ,   bu t   w i t h   Ru-Mn  o x i d e   f o r m e d  

in  s i t u ,   e x h i b i t e d   an  a c c e l e r a t e d   t e s t   l i f e   a t   7 5 0 0   A/m2  o f  

176  h o u r s ,   w h i c h   i s   a b o u t   3  t i m e s   h i g h e r .  

T h i s   a c c e l e r a t e d   t e s t   l i f e   of   176  h o u r s ,   w h i c h   was  a c h i e v e d  

by  t h e   a n o d e   (B2)  h a v i n g   a  Ru-Mn  o x i d e   c o a t i n g   w i t h   a  l o a d i n g  

of  Ru  =  8  g/m2  and  an  o v e r a l l   c o m p o s i t i o n   c o r r e s p o n d i n g   t o  

RuO2  and  M n O 2  i n   a  mole   r a t i o   of  3 0 : 7 0 ,   i s   m o r e o v e r   a b o u t  

t w i c e   as  h i g h   as  t h e   8 5 - 9 0   h o u r s   o b t a i n e d   w i t h   t h e   a n o d e s  



( S 4 6 )   and  ( S 4 8 )   of  E x a m p l e   1  w h i c h   had   a  Ru-Mn  o x i d e   c o a t i n g  

h a v i n g   t h e   same  l o a d i n g   of   Ru  =   8  g / m 2 ,   b u t   w i t h   an  o v e r a l l  

c p m p o s i t i o n   c o r r e s p o n d i n g   to   RuO2  and  Mn02  in  a  m o l e  

r a t i o   of  1 : 1 ,   w h i c h   i s   a t   t h e   l o w e r   l i m i t   of  t h e   p r o p o r t i o n  

of  r u t h e n i u m   a p p l i e d   in   t h e   m e t h o d   a c c o r d i n g   to   t h e   p r e s e n t  

i n v e n t i o n .  

T h i s   c o m p a r i s o n   shows   t h e   p a r t i c u l a r   s i g n i f i c a n c e   o f  

m a n u f a c t u r i n g   a  Ru-Mn  o x i d e   c o a t i n g   a c c o r d i n g   to   t h e   m e t h o d  

of  t h e   p r e s e n t   i n v e n t i o n ,   n a m e l y   by  a p p l y i n g   a  m a j o r   a m o u n t  

of  m a n g a n e s e   o x i d e   w h i c h   i s   s i m u l t a n e o u s l y   f o r m e d   in  s i t u  

w i t h   a  m i n o r   a m o u n t   of  r u t h e n i u m   o x i d e .  

E x a m p l e   6  

T i t a n i u m   a n o d e s   c o m p r i s i n g   a  c a t a l y t i c   Ru-Mn  o x i d e   c o a t i n g  

w i t h   a  c o m p o s i t i o n   c o r r e s p o n d i n g   t o   Ru02  and  MnO2  in  a  

m o l e   r a t i o   o f   1 4 : 8 6   w e r e   m a n u f a c t u r e d   i n   t h e   f o l l o w i n g   m a n n e r .  

A  c o a t i n g   s o l u t i o n   c o n t a i n i n g   r u t h e n i u m   c h l o r i d e   a n d  

m a n g a n e s e   n i t r a t e   d i s s o l v e d   in  a  m o l e   r a t i o   1 :6   in   1 - b u t y l  

a l c o h o l   was  p r e p a r e d   w i t h   t h e   c o m p o s i t i o n   by  w e i g h t :  

8.3%  R u C l 3 a q · ( 4 0 %   Ru) ;   48 .1%  M n ( N 0 3 ) 2 · 4   H 2 0 ;  
43 .6%  b u t a n o l .  

T i t a n i u m   c o u p o n s   ( 1 0 0 x 2 0 x l m m )   w e r e   p r e t r e a t e d   by  s a n d b l a s t i n g  

t r e a t i n g   in  1 , 1 , 1 - t r i c h l o r e t h a n e   f o r   10  m i n u t e s   and  e t c h i n g  

in   o x a l i c   a c i d   a t   80°C  f o r   6  h o u r s .   The  c o a t i n g   s o l u t i o n   w a s  

s u c c e s s i v e l y   a p p l i e d   w i t h   a  b r u s h   in   22  l a y e r s   t o   t h e  

p r e t r e a t e d   t i t a n i u m   c o u p o n s ,   e a c h   a p p l i e d   l a y e r   of   s o l u t i o n  

was  d r i e d   f o r   10  m i n u t e s   i n   a i r   a t   1 2 0 ° C ,   and  t h e   r e s u l t i n g  

d r i e d   l a y e r   was  h e a t   t r e a t e d   a t   4 0 0 ° C   f o r   10  m i n u t e s   in   a  

s t r e a m   of  a i r ,   w h e r e b y   t h e   m e t a l   s a l t s   a r e   t h e r m a l l y  

d e c o m p o s e d   and  c o n v e r t e d   t o   o x i d e .   The  o x i d e   c o a t i n g   t h u s  

a p p l i e d   in   22  l a y e r s   had   a  t o t a l   l o a d i n g   of  Ru  =  8  g/m2  a n d  

an  o v e r a l l   c o m p o s i t i o n   c o r r e s p o n d i n g   t o   14  R u 0 2 : 8 6   M n O 2 .  



One  a n o d e   ( E l )   w i t h   a  c o a t i n g   t h u s   p r o d u c e d   in  22  l a y e r s   w i t h  

Ru  =  8  g / m 2  e x h i b i t e d   an  a c c e l e r a t e d   t e s t   l i f e   of  200  h o u r s  

a t   7 5 0 0   A/m2  in  150  g p l   H 2 S 0 4 .  
A n o t h e r   a n o d e   (E2)   was  p r o d u c e d   by  a p p l y i n g   16  l a y e r s   of  t h e  

same  s o l u t i o n ,   w i t h   a  t o t a l   l o a d i n g   of  Ru  =  6  g / m 2 ,   a n d  

e x h i b i t e d   an  a c c e l e r a t e d   t e s t   l i f e   of  182  h o u r s   a t   7 5 0 0 A m / 2 .  

A  f u r t h e r   a n o d e   (E3)   was  p r o d u c e d   by  a p p l y i n g   28  l a y e r s   o f  

s a i d   s o l u t i o n ,   w i t h   a  t o t a l   l o a d i n g   of  Ru  =  10  g m / 2 ,   a n d  

e x h i b i t e d   an  a c c e l e r a t e d   t e s t   l i f e   of  160  h o u r s .  

A n o t h e r   a n o d e   (E4)  was  p r o d u c e d   by  a p p l y i n g   33  l a y e r s   of  s a i d  

s o l u t i o n   w i t h   a  t o t a l   l o a d i n g   of   Ru  =  12  g / m 2 ,   a n d  

e x h i b i t e d   an  a c c e l e r a t e d   t e s t   l i f e   of  193  h o u r s .  

As  may  be  s e e n   f rom  t h e   a b o v e   a c c e l e r a t e d   t e s t   r e s u l t s ,   s u c h  

a n o d e s   w i t h   a  h i g h   MnO2/RuO2  mo le   r a t i o   of   8 6 : 1 4   ( a b o u t  

6 : 1 )   e x h i b i t   an  a c c e l e r a t e d   t e s t   l i f e   of  182  t o   200  h o u r s   i n  

t h e   c a s e   of  a n o d e s   ( E l )   and   (E2)  h a v i n g   a  Ru-Mn  o x i d e   c o a t i n g  

a p p l i e d   in  1 6 - 2 2   l a y e r s   w i t h   a  l o a d i n g   of  R u  =   6  t o   8  g / m 2 .  

On  t h e   o t h e r   h a n d ,   a n o d e s   (E3)   and  (E4)  w i t h   an  i n c r e a s e d  

n u m b e r   of  a p p l i e d   c o a t i n g   l a y e r s   ( 2 8 - 3 3 )   and  a  h i g h e r  

r u t h e n i u m   l o a d i n g   (Ru  =  1 0 - 1 2   g /m2)   p r o v i d e   no  s i g n i f i c a n t  

i m p r o v e m e n t   o v e r   t h e   a n o d e s   ( E l )   and  (E2)  w i t h   in   f e w e r  

a p p l i e d   l a y e r s   and  a  l o w e r   r u t h e n i u m   l o a d i n g .  

O t h e r   a n o d e s   we re   s i m i l a r l y   p r o d u c e d   in  18  l a y e r s   w i t h   a  
t o t a l   l o a d i n g   Ru  =  8  g / m 2 ,   w e r e   s i m i l a r l y   t e s t e d   b u t   a t   a  

l o w e r   c u r r e n t   d e n s i t y ,   and   e x h i b i t e d   an  a c c e l e r a t e d   t e s t   l i f e  

in  H2S04  c o r r e s p o n d i n g   r e s p e c t i v e l y   t o :  

Anode   (4A) :   520  h o u r s   a t   3750   A /m2  

Anode   (3A) :   1760  h o u r s   a t   1875  A/m2 

Anode   (2A) :   8160  h o u r s   a t   940  A / m 2 .  

I t   may  be  n o t e d   t h a t   t h e s e   a c c e l e r a t e d   t e s t s   a r e   c a r i e d   o u t  

a t   a  c o n s i d e r a b l y   h i g h e r   c u r r e n t   d e n s i t y   t h a n   i s   n o r m a l l y  

r e q u i r e d   fo r   most   i n d u s t r i a l   a p p l i c a t i o n s   of  o x y g e n   e v o l v i n g  

a n o d e s .   The  a c c e l e r a t e d   t e s t   l i f e   m e a s u r e d   in   t h e   p r e s e n t  

t e s t s   s h o u l d   t h u s   c o r r e s p o n d   t o   a  c o n s i d e r a b l y   l o n g e r   s e r v i c e  

l i f e   d u r i n g   n o r m a l   o p e r a t i o n   a t   a  l o w e r   a n o d e   c u r r e n t  



d e n s i t y ,   s u c h   as  f o r   e x a m p l e   200  A/m2,  w h i c h   i s   t y p i c a l l y  

a p p l i e d   in  p r o c e s s e s   f o r   e l e c t r o w i n n i n g   c o p p e r   f rom  a  

s u l p h a t e   e l e c t r o l y t e .  

E x a m p l e   7 

T i t a n i u m   a n o d e s   c o m p r i s i n g   a  c a t a l y t i c   Ru-Mn  o x i d e   c o a t i n g  

w i t h   a  c o m p o s i t i o n   c o r r e s p o n d i n g   t o   Ru02  and  MnO2  in  a  

m o l e   r a t i o   of  1 : 4   w e r e   m a n u f a c t u r e d   in  t h e   f o l l o w i n g   m a n n e r .  

A  c o a t i n g   s o l u t i o n  c o m p r i s i n g   r u t h e n i u m   c h l o r i d e   a n d  

m a n g a n e s e   n i t r a t e   d i s s o l v e d   in  a  mo le   r a t i o   1 : 4   in   1 - b u t y l  

a l c o h o l   was  p r e p a r e d   w i t h   t h e   c o m p o s i t i o n   by  w e i g h t :  

9.5%  R u C l 3 a q · ( 4 0 %   R u ) ;   36 .8%  M n ( N O 3 ) 2 · 4 H 2 O ;  

53 .7%  b u t a n o l .   T h i s   c o a t i n g   s o l u t i o n   was  s u c c e s i v e l y   a p p l i e d ,  

d r i e d ,   and  c o n v e r t e d   t o   an  o x i d e   c o a t i n g   u n d e r   t h e   c o n d i t i o n s  

p r e v i o u s l y   d e s c r i b e d .  

One  a n o d e   ( C 2 ) ,   t h u s   o b t a i n e d   w i t h   a  c a t a l y t i c   Ru-Mn  o x i d e  

c o a t i n g   a p p l i e d   in  20  l a y e r s   w i t h   a  t o t a l   l o a d i n g   o f  

Ru  =   8  g/m2  and  a  c o m p o s i t i o n   c o r r e s p o n d i n g   t o  

20  R u 0 2 : 8 0   Mn02,  e x h i b i t e d   an  a c c e l e r a t e d   t e s t   l i f e   o f  

175  h o u r s   a t   7500   A/m2  in  150  gp l   H 2 S O 4 .  
A n o t h e r   s u c h   a n o d e   ( C l ) ,   s i m i l a r l y   p r o d u c e d   b u t   by  a p p l y i n g  

16  l a y e r s   of  t h e   same  s o l u t i o n   w i t h   a  t o t a l   l o a d i n g   o f  

Ru  =   12  g / m 2 ,   e x h i b i t e d   an  a c c e l e r a t e d   t e s t  l i f e   o f  

135  h o u r s   a t   7500   A / m 2 .  

A  f u r t h e r   s u c h   a n o d e   ( C 3 ) ,   s i m i l a r l y   p r o d u c e d   b u t   by  a p p l y i n g  

21  l a y e r s   of  t h e   same  s o l u t i o n   w i t h   a  t o t a l   l o a d i n g   o f  

Ru  =  10  g / m 2 ,   e x h i b i t e d   an  a c c e l e r a t e d   t e s t   l i f e   o f  

187  h o u r s   a t   7500   A / m 2 .  

A n o t h e r   a n o d e   ( C 4 ) ,   s i m i l a r l y   p r o d u c e d   b u t   by  a p p l y i n g   3 0  

l a y e r s   of  t h e   same  s o l u t i o n   w i t h   a  t o t a l   l o a d i n g   o f  

Ru  =  12  g / m 2 ,   e x h i b i t e d   an  a c c e l e r a t e d   t e s t   l i f e   o f  

126  h o u r s   a t   7 5 0 0 A / m 2 .  



As  may  be  s e e n   f r o m   t h e   a b o v e   a c c e l e r a t e d   t e s t   r e s u l t s ,   s u c h  

a n o d e s   w i t h   a  h i g h   MnO2/RuO2  m o l e   r a t i o   of  4 :1   e x h i b i t   a n  

a c c e l e r a t e d   t e s t   l i f e   of  1 7 5 - 1 8 7   h o u r s   in  t h e   c a s e   of  a n o d e s  

(C2)  and  (C3)  h a v i n g   a  Ru-Mn  o x i d e   c o a t i n g   a p p l i e d   in  2 0 - 2 1  

l a y e r s   w i t h   a  l o a d i n g   of  Ru  =   8  t o   10  g / m 2 .   On  t he   o t h e r  

h a n d ,   a n o d e s   (C4)   and  (C l )   w i t h   a  h i g h e r   t o t a l   l o a d i n g   o f  

Ru  =  12  g/m2  a p p l i e d   r e s p e c t i v e l y   in   16  and  30  c o a t i n g  

l a y e r s   e x h i b i t   an  a c c e l e r a t e d   t e s t   l i f e   of  1 2 6 - 1 3 7   h o u r s   a n d  

p r o v i d e   no  i m p r o v e m e n t   o v e r   t h e   a n o d e s   (C2)  and  (C3)  w i t h   a n  

a c c e l e r a t e d   t e s t   l i f e   of   1 7 5 - 1 8 7   h o u r s   w h i c h   i s   a b o u t   40% 

h i g h e r   t h a n   f o r   (C4)   and   ( C l ) .  

I t   may  a l s o   be  s e e n   f rom  t h e   a b o v e   t e s t   r e s u l t s   t h a t   a n o d e  

(C4)  w i t h   a  l o a d i n g   of   Ru  =  12  g/m2  a p p l i e d   in  30  l a y e r s  

h a s   an  a c c e l e r a t e d   t e s t   l i f e   of   126  h o u r s ,   and  t h u s   shows   n o  

s i g n i f i c a n t   i m p r o v e m e n t   w i t h   r e s p e c t   t o   t h e   t e s t   l i f e   of   1 3 5  

h o u r s   of  a n o d e   ( C l )   w i t h   t h e   same  c o a t i n g   c o m p o s i t i o n   and  t h e  

same  l o a d i n g ,   b u t   a p p l i e d   in   16  l a y e r s .   T h u s ,   an  i n c r e a s e   o f  

t h e   n u m b e r   of   c o a t i n g   l a y e r s   a p p l i e d   f rom  16  up  t o   30  d o e s  

n o t   i m p r o v e m e n t   t h e   s t a b i l i t y   of  s u c h   an  a n o d e .  

EXAMPLE  8 

T i t a n i u m   a n o d e s   w i t h   o x i d e   c o a t i n g s   c o m p r i s i n g   d i f f e r e n t  

a m o u n t s   of  r u t h e n i u m   a n d / o r   m a n g a n e s e   w e r e   p r e p a r e d   a n d  

t e s t e d   in  t h e   f o l l o w i n g   m a n n e r .  

T i t a n i u m   c o u p o n s   ( 1 0 0 x 2 0 x l m m )   w e r e   p r e t r e a t e d   b y  

s a n d b l a s t i n g ,   t r e a t i n g   in   1 , 1 , 1 - t r i c h l o r e t h a n e   f o r   1 0  

m i n u t e s ,   and  e t c h i n g   in   o x a l i c   a c i d   a t   80°C  f o r   6  h o u r s .  

A  c o m p a r a t i v e   a n o d e   RulOO  w i t h   a  R u - o x i d e   c o a t i n g   (100  % 

Ru02)   was  p r e p a r e d   b y :  

(a)   s u c c e s s i v e l y   a p p l y i n g   w i t h   a  b r u s h   to   a  p r e t r e a t e d  

t i t a n i u m   c o u p o n   9  l a y e r s   of  a  c o a t i n g   s o l u t i o n   w i t h   t h e  

f o l l o w i n g   c o m p o s i t i o n   by  w e i g h t :   0 . 8   g  R u C l  a q . ( 4 0 %   R u ) ;  

2 .4   g  e t h a n o l ;   and  0 . 2 5   ml  HC1  ( I O N ) ;   (b)  d r y i n g   e a c h   a p p l i e d  



l a y e r   of   s o l u t i o n   f o r   15  m i n u t e s   in  a i r   a t   1 2 0 ° C ;   a n d  

(c)   h e a t   t r e a t i n g   e a c h   d r i e d   l a y e r   a t   4 0 0 ° C   f o r   10  m i n u t e s   i n  

a  s t r e a m   of   a i r ,   w h e r e b y   t h e   m e t a l   s a l t s   a r e   t h e r m a l l y  

d e c o m p o s e d   and   c o n v e r t e d   t o   o x i d e .  

T h i s   c o m p a r a t i v e   a n o d e   Ru100  w i t h   a  R u - o x i d e   c o a t i n g   a p p l i e d  

in  9  l a y e r s ,   w i t h   a  l o a d i n g   of  Ru  =  8  g / m 2 ,   was  t e s t e d   a s  

an  o x y g e n   e v o l v i n g   a n o d e   in  150  g p l   H2SO4,  e x h i b i t e d   a n  

o x y g e n   p o t e n t i a l   o f   1 . 5 6   V  v s .   NHE  a t   500  A/m2,   and   h a d   a n  

a c c e l e r a t e d   t e s t   l i f e   of   3 . 5   h o u r s   a t   7 5 0 0 A / m 2 .  

An  a n o d e   Ru90  was   s i m i l a r l y   p r o v i d e d   w i t h   a  Ru-Mn  o x i d e  

c o a t i n g   h a v i n g   a  c o m p o s i t i o n   c o r r e s p o n d i n g   t o   a  

RuO2:  MnO2  m o l e   r a t i o   of  9 :1   by  a p p l y i n g   in   t h i s   c a s e   9  

l a y e r s   of  a  c o a t i n g   s o l u t i o n   w i t h   t h e   c o m p o s i t i o n   by  w e i g h t :  

0 . 9 2 6  g   R u C l 3 a q · ( 4 0 %   R u ) ;   0 . 1 0 3   g  M n ( N O 3 ) 2 · 4 H 2 O  

5 . 5   g  e t h a n o l ;   a n d   0 . 2 5   ml  HC1  ( I O N ) ,   and   t h e n   d r y i n g   a n d  

h e a t   t r e a t i n g   e a c h   a p p l i e d   l a y e r   in  t h e   same  m a n n e r   a s  

d e s c r i b e d   in   s t e p s   (b)   and   (c)   a b o v e .  

T h i s   a n o d e   Ru90  was  t h u s   p r o v i d e d   w i t h   a  90  R u O 2 / 1 0   MnO2 

c o a t i n g   a p p l i e d   i n   9  l a y e r s   w i t h   Ru  =  8 . 1   g / m  ,   w a s  

s i m i l a r l y   t e s t e d   in   150  g p l   H2SO4,  e x h i b i t e d   an  o x y g e n  

p o t e n t i a l   of  1 . 5 3   V  v s .   NHE  at   500  A / r 2 ,   and  had   a n  

a c c e l e r a t e d   t e s t   l i f e   of   9 . 8   h o u r s   a t   7500   A / m 2 .  

An  a n o d e   M5  was  s i m i l a r l y   p r o v i d e d   w i t h   an  Ru-Mn  o x i d e  

c o a t i n g   h a v i n g   a  c o m p o s i t i o n   c o r r e s p o n d i n g   t o   a  80  R u 0 2 : 2 0  

MnO2  m o l e   r a t i o   by  a p p l y i n g   in  t h i s   c a s e   7  l a y e r s   of  a  

c o a t i n g   s o l u t i o n   w i t h   t h e   c o m p o s i t i o n   by  w e i g h t :  

0 . 7 2 1  g   R u C l 3 a q · ( 4 0 %   R u ) ;   0 . 1 8 0  g  M n ( N O 3 ) 2 · 4 H 2 O ;  

5 . 9   g  e t h a n o l ;   and   0 . 2 5   ml  HCl  ( 1 0 N ) ,   and  t h e n   d r y i n g   a n d  

h e a t   t r e a t i n g   e a c h   a p p l i e d   l a y e r   as  d e s c r i b e d   in   s t e p s   ( b )  

and  ( c )   a b o v e .  

T h i s   a n o d e   M5  was   t h u s   p r o v i d e d   w i t h   a  80  R u O 2 / 2 0   Mn02 
c o a t i n g  a p p l i e d  i n  7  l a y e r s  w i t h  R u  =  8  g / m 2 ,  w a s   s i m i l a r l y  

t e s t e d   in   150  g p l   H2SO4,  e x h i b i t e d   an  o x y g e n   p o t e n t i a l   o f  
2 1 . 5 3   V  v s .   NHE  a t   500  A/m2,   and  had   an  a c c e l e r a t e d   t e s t  

l i f e   of   10  h o u r s   a t   7500   A / m 2 .  



An  a n o d e   M8  was  s i m i l a r l y   p r o v i d e d   w i t h   a  Ru-Mn  o x i d e   c o a t i n g  

h a v i n g   a  c o m p o s i t i o n   c o r r e s p o n d i n g   to   a  50  R u 0 2 : 5 0   MnO2 

m o l e   r a t i o ,   b u t   by  a p p l y i n g   in   t h i s   c a s e   8  l a y e r s   of  a  

c o a t i n g   s o l u t i o n   w i t h   t h e   c o m p o s i t i o n   by  w e i g h t :  

0 . 6 8 4   g  R u C l 3 a q . ( 4 0 %   R u ) ;   0 . 6 8 0   g  M n ( N O 3 ) 2 · 4 H 2 O ;  

3 . 6   g  e t h a n o l :   and  0 . 2 5   ml  HC1  (10  N),   and  t h e n   d r y i n g   a n d  

h e a t   t r e a t i n g   e a c h   l a y e r   as  d e s c r i b e d   in   (b)  and  (c)  a b o v e .  

T h i s   a n o d e   M8  was  t h u s   p r o v i d e d   w i t h   a  50  R u O 2 / 5 0   MnO2 
2 

c o a t i n g   a p p l i e d   in   8  l a y e r s   w i t h   Ru  =  8  g / m 2 ,   was  s i m i l a r l y  

t e s t e d   in   150  gp l   H2SO4,  e x h i b i t e d   an  o x y g e n   p o t e n t i a l   o f  
2 

1 . 5 6   V  v s .   NHE  a t   500  A /m2 ,   and  had   an  a c c e l e r a t e d   t e s t  

l i f e   o f   55  h o u r s   a t   7500   A / m 2 .  

An  a n o d e   M4  was  s i m i l a r l y   p r o v i d e d   w i t h   a  Ru-Mn  o x i d e   c o a t i n g  

h a v i n g   a  c o m p o s i t i o n   c o r r e s p o n d i n g   t o   a  30  R u 0 2 : 7 0   MnO2 
m o l e   r a t i o ,   b u t   by  a p p l y i n g   in  t h i s   c a s e   7  l a y e r s   of  a  

c o a t i n g   s o l u t i o n   w i t h   t h e   c o m p o s i t i o n   by  w e i g h t :  

1 . 0 7 4  g   R u C l 3 a q · ( 4 0 %   R u ) ;   2 . 4 1 9  g   M n ( N 0 3 ) 2 . 4 H 2 0 ;  

3 . 6   g  e t h a n o l ;   and  0 . 2 5   ml  HC1  ( 1 0 N ) ,   and   t h e n   d r y i n g   a n d  

h e a t   t r e a t i n g   e a c h   l a y e r   as  d e s c r i b e d   in  (b)  and  (c)   a b o v e .  

T h i s   a n o d e   M4  was  t h u s   p r o v i d e d   w i t h   a  30  R u O 2 / 7 0   MnO2 
2 

c o a t i n g   a p p l i e d   in  7  l a y e r s   w i t h   Ru  =  8  g / m  ,   was  s i m i l a r l y  

t e s t e d   in  150  gpl   H2SO4,  e x h i b i t e d   an  o x y g e n   p o t e n t i a l   o f  

1 . 5 5   V  v s .   NHE  at   500  A/m2,   and  had  an  a c c e l e r a t e d   t e s t  

l i f e   o f   115  h o u r s   a t   7500   A / m 2 .  

An  a n o d e   M13  was  s i m i l a r l y   p r o v i d e d   w i t h   a  Ru-Mn  o x i d e  

c o a t i n g   h a v i n g   a  c o m p o s i t i o n   c o r r e s p o n d i n g   t o   a  14  R u O 2 : 8 6  

MnO2  m o l e   r a t i o ,   b u t   by  a p p l y i n g   in   t h i s   c a s e   11  l a y e r s   o f  

a  c o a t i n g   s o l u t i o n   w i t h   t h e   c o m p o s i t i o n   by  w e i g h t :  

0 . 5 3 7   g  R u C l 3 a q · ( 4 0 %   R u ) ;   3 . 1 2 7   g  M n ( N O 3 ) 2 · 4 H 2 O ;  

2 . 8 3 5   g  e t h a n o l ;   and  0 . 2 5   ml  HC1  ( I O N ) ,   and  t h e n   d r y i n g   a n d  

h e a t   t r e a t i n g   e a c h   l a y e r   as  d e s c r i b e d   in  (b)  and  (c)  a b o v e .  

T h i s   a n o d e   M13  was  t h u s   p r o v i d e d   w i t h   a  14  R u O 2 / 8 6   MnO2 

c o a t i n g   a p p l i e d   in  11  l a y e r s   w i t h   Ru  =  8  g / m  ,   w a s  

s i m i l a r l y   t e s t e d   in  150  g p l   H2SO4,  e x h i b i t e d   an  o x y g e n  
2 

p o t e n t i a l   of  1 . 5 7   V  v s .   NHE  a t   500  A/m2,   and  had  a n  

a c c e l e r a t e d   t e s t   l i f e   o f   200  h o u r s   at  7500  A / m 2 .  



A n o t h e r   c o m p a r a t i v e   a n o d e   Mn100  was  s i m i l a r l y   p r o v i d e d   w i t h   a  

M n - o x i d e   c o a t i n g   ( M n O 2 ) ,   b u t   by  a p p l y i n g   in  t h i s   c a s e   1 1  

l a y e r s   of  a  s o l u t i o n   w i t h   t h e   c o m p o s i t i o n   by  w e i g h t :  

1 . 1 2   g  M n ( N 0 3 ) 2 . 4 H 2 0 ;   and  10  g  e t h a n o l ,   t h e n   d r y i n g   a s  

d e s c r i b e d   a b o v e   in   ( b ) ,   and  h e a t   t r e a t i n g   e a c h   d r i e d   l a y e r   a t  

3 2 0  C   in  a  s t r e a m   of   a i r   f o r   10  m i n u t e s   ( c o n d i t i o n s  

c o n s i d e r e d   s u i t a b l e   t o   p r o d u c e   a  MnO2  c o a t i n g   by  t h e r m a l  

d e c o m p o s i t i o n ) .   The  t o t a l   m a n g a n e s e   l o a d i n g   of   t h e   r e s u l t i n g  

o x i d e   c o a t i n g   ( 1 0 0  %   Mn02)  was  Mn  =  26  g/m2  in  t h i s   c a s e  

( i . e .   t h e   same  as  f o r   a n o d e   M 1 3 ) .  

T h i s   a n o d e   MnlOO  was  t h u s   p r o v i d e d   w i t h   a  MnO2  c o a t i n g  

a p p l i e d   in   11  l a y e r s   w i t h   Mn  =  26  g / m 2 ,   was  s i m i l a r l y  

t e s t e d   in  150  g p l   H2SO4,   e x h i b i t e d   an  o x y g e n   p o t e n t i a l  

a b o v e   3  V  v s .   NHE  a t   500  A/m2,   and  f a i l e d   i m m e d i a t e l y   i n  

t h e   a c c e l e r a t e d   t e s t   a t   7500  A / m 2 .  

I t   may  t h u s   be  s e e n   f r o m   t h e   a b o v e   t e s t   r e s u l t s   t h a t   t h e  

a n o d e s   M8,  M4,  and   M13,  w h i c h   w e r e   p r o d u c e d   w i t h   a  R u - M n  

o x i d e   c o a t i n g   by  t h e   m e t h o d   a c c o r d i n g   t o   t h e   i n v e n t i o n ,   s h o w  

no  s i g n i f i c a n t   i n c r e a s e   of   t h e   o x y g e n   p o t e n t i a l ,   w h i l e   a t   t h e  

same  t i m e   e x h i b i t i n g   a  s e v e r a l   t i m e s   h i g h e r   a n o d e   l i f e   u n d e r  

o x y g e n   e v o l v i n g   c o n d i t i o n s ,   when  t h e   p r o p o r t i o n   of   r u t h e n i u m  

in  t h e   c o a t i n g   c o m p o s i t i o n   i s   d e c r e a s e d   w i t h i n   t h e   r a n g e   o f  

t h e   i n v e n t i o n ,   c o r e s p o n d i n g   t o   RuO2  and  MnO2  in  a  m o l e  

r a t i o   f rom  1 :1   t o   1 : 9 .  

I t   may  f u r t h e r   be  n o t e d   t h a t   t h e   a n o d e   M4  d e s c r i b e d   a b o v e   a n d  

a n o d e   (B2)  d e s c r i b e d   in   E x a m p l e   5  were   b o t h   p r o d u c e d  

a c c o r d i n g   t o   t h e   i n v e n t i o n   w i t h   t h e   same  c o a t i n g   c o m p o s i t i o n  

c o r r e s p o n d i n g   t o   30  R u 0 2 / 7 0   Mn02  and  t h e   same  l o a d i n g   o f  

Ru  =  8  g / m 2 .   T h i s   a n o d e   M4,  w i t h   a  c o a t i n g   a p p l i e d   in  7 

l a y e r s   e x h i b i t e d   an  a c c e l e r a t e d   t e s t   l i f e   of  115  h o u r s ,  

w h e r e a s   t h e   a n o d e   (B2)   w i t h   a  s i m i l a r   c o a t i n g   a p p l i e d   in   2 0  

l a y e r s ,   e x h i b i t e d   an  a c c e l e r a t e d   t e s t   l i f e   of  176  h o u r s ,  

w h i c h   i s   s i g n i f i c a n t l y   h i g h e r .   T h u s ,   an  i n c r e a s e   of   t h e  

n u m b e r   of  c o a t i n g   l a y e r s   a p p l i e d   f r o r   7  to   20  l a y e r s   in   s u c h  

a n o d e s   w i t h   a  c o a t i n g   c o m p o s i t i o n   c o r r e s p o n d i n g   t o  



30  R u 0 2 / 7 0   MnO2  and  a  l o a d i n g   of  Ru =  8  g / m 2 ,   p r o v i d e s  

a  s i g n i f i c a n t   i n c r e a s e   of   t h e   a n o d e   l i f e   u n d e r   o x y g e n  

e v o l v i n g   c o n d i t i o n s ,   as  may  be  s e e n   f rom  t h e   c o r r e s p o n d i n g  

i n c r e a s e   of   t h e   a c c e l e r a t e d   t e s t   l i f e   f rom  115  to   176  h o u r s .  

A n o d e   M13  d e s c r i b e d   a b o v e   and  a n o d e   ( E I )   d e s c r i b e d   in  E x a m p l e  

6  w e r e   m o r e v o v e r   b o t h   p r o d u c e d   a c c o r d i n g   t o   t h e   i n v e n t i o n ,  

w i t h   t h e   same  c o a t i n g   c o m p o s i t i o n   c o r r e s p o n d i n g   t o  

14  R u 0 2 / 8 6   MnO2  and  t h e   same  l o a d i n g   of  Ru  =  8  g / m 2 .  

T h i s   a n o d e   M13,  w i t h   a  c o a t i n g   a p p l i e d   in   11  l a y e r s ,  

e x h i b i t e d   an  a c c e l e r a t e d   t e s t   l i f e   of  200  h o u r s ,   w h i l e   a n o d e  

( E l )   w i t h   a  s i m i l a r   c o a t i n g   a p p l i e d   in  22  l a y e r s ,   e x h i b i t e d  

t h e   same   a c c e l e r a t e d   t e s t   l i f e   of  200  h o u r s .   T h u s ,   a n  

i n c r e a s e   of   t h e   n u m b e r   of   c o a t i n g   l a y e r s   f rom  11  to   22  l a y e r s  

a p p l i e d   w i t h   a  l o a d i n g   of   Ru  =  8  g / m 2 ,   p r o v i d e s   n o  

m o d i f i c a t i o n   of   t h e   a n o d e   l i f e   u n d e r   o x y g e n   e v o l v i n g  

c o n d i t i o n s   i n   t h e   c a s e   of   s u c h   a n o d e s   w i t h   a  c o a t i n g  

c o m p o s i t i o n   c o r r e s p o n d i n g   t o   14  R u O 2 / 8 6   MnO2,  as  may  b e  

s e e n   f r o m   t h e   same  a c c e l e r a t e d   t e s t   l i f e   of   200  h o u r s   in  b o t h  

c a s e s .  

TECHNICAL  A P P L I C A B I L I T Y  

The  i n v e n t i o n   may  be  u s e d   f o r   t h e   p r o d u c t i o n   of  d i m e n s i o n a l l y  

s t a b l e   a n o d e s   f o r   i n d u s t r i a l   a p p l i c a t i o n s   of  c a t a l y t i c   o x y g e n  

e v o l v i n g   a n o d e s   w h e r e   r e s t r i c t i o n   of  t h e   a n o d e   c o s t s   i s   a n  

e s s e n t i a l   r e q u i r e m e n t .   A n o d e s   p r o d u c e d   by  t h e   i n v e n t i o n   m a y  

be  m o r e   p a r t i c u l a r l y   a p p l i e d   in  p r o c e s s e s   f o r   e l e c t r o w i n n i n g  

m e t a l s   s u c h   as  c o p p e r   and  z i n c   f rom  s u l p h a t e   e l e c t r o l y t e s .  



1.  A  m e t h o d   of   m a n u f a c t u r i n g   a  d i m e n s i o n a l l y   s t a b l e ,  

o x y g e n   e v o l v i n g   a n o d e   w h i c h   c o m p r i s e s   an  a n o d e   b a s e   o f  

f i l m - f o r m i n g   m e t a l   w i t h   a  c a t a l y t i c   o x i d e   c o a t i n g   c o n t a i n i n g  

r u t h e n i u m ,   c h a r a c t e r i z e d   by  t h e   s t e p s   o f  :  

a)  a p p l y i n g   t o   t h e   a n o d e   b a s e   s u c c e s s i v e   l a y e r s   of   a  

c o a t i n g   s o l u t i o n   c o n t a i n i n g   r u t h e n i u m   and  m a n g a n e s e   c o m p o u n d s  

in  c o n c e n t r a t i o n s   c o r r e s p o n d i n g   t o   a  p r e d e t e r m i n e d   m o l e   r a t i o  

of  r u t h e n i u m   d i o x i d e   t o   m a n g a n e s e   d i o x i d e   s e l e c t e d   f r o m   t h e  

r a n g e   b e t w e e n   1 :1   and   1 : 9 ;  

b)  d r y i n g   e a c h   l a y e r   of  t h e   c o a t i n g   s o l u t i o n   a p p l i e d   i n  

s t e p   a ) ,   so  as  t o   o b t a i n   a  s u b s t a n t i a l l y   d r y   l a y e r   c o m p r i s i n g  

a  u n i f o r m   m i x t u r e   of   t h e   r u t h e n i u m   and  m a n g a n e s e   c o m p o u n d s   i n  

s a i d   p r e d e t e r m i n e d   r a t i o ;  

c)  s u b j e c t i n g   t h e   r e s u l t i n g   d r y   l a y e r   t o   h e a t   t r e a t m e n t  

w h i c h   i s   e f f e c t e d   in   5  t o   15  m i n u t e s   in   an  o x i d i z i n g  

a t m o s p h e r e   at   a  t e m p e r a t u r e   of   a b o u t   4 0 0 * C  ,   so  as  t o   c o n v e r t  

s a i d   c o m p o u n d s   i n t o   a  u n i f o r m   o x i d e   l a y e r ;  

d)  c a r r y i n g   o u t   s t e p s   a ) ,   b)  and  c)  r e p e a t e d l y   so  as  t o  

s u c c e s s i v e l y   form  6  t o   35  o x i d e   l a y e r s   upon  one  a n o t h e r ,   t h e  

n u m b e r   of  s a i d   o x i d e   l a y e r s   b e i n g   s e l e c t e d   so  as  t o   g r a d u a l l y  

b u i l d   up  a  c a t a l y t i c   o x i d e   c o a t i n g   c o n t a i n i n g   a  p r e d e t e r m i n e d  

a m o u n t   of  r u t h e n i u m   p e r   u n i t   a r e a   of  t h e   a n o d e   b a s e ,  

c o r r e s p o n d i n g   t o   a  r u t h e n i u m   l o a d i n g   s e l e c t e d   f rom  t h e   r a n g e  

f rom  4  g/m2  t o   20  g / m 2 .  

2.  The  m e t h o d   of   c l a i m   1,  c h a r a c t e r i z e d   in  t h a t   t h e  

a n o d e   b a s e   c o n s i s t s   e s s e n t i a l l y   of  t i t a n i u m   or  t i t a n i u m   a l l o y .  

3.  The  m e t h o d   of   c l a i m   1,  c h a r a c t e r i z e d   in  t h a t   s a i d  

c a t a l y t i c   c o a t i n g   i s   made  by  s u c c e s s i v e l y   f o r m i n g   10  t o   20  o f  

s a i d   o x i d e   l a y e r s   a c c o r d i n g   t o   a ) ,   b)  and  c ) .  



4.  The  m e t h o d   of  c l a i m   1  or   2,  c h a r a c t e r i z e d   in   t h a t  

s a i d   m o l e   r a t i o   i s   s e l e c t e d   f rom  t h e   r a n g e   b e t w e e n   1  Ru/2   Mn 

and  1  R u / 6   Mn  and  t h a t   s a i d   r u t h e n i u m   l o a d i n g   i s   s e l e c t e d  

f rom  t h e   r a n g e   b e t w e e n   6  and  12  g / m  .  

5.  The  m e t h o d   of  c l a i m   4,  c h a r a c t e r i z e d   in   t h a t   s a i d  

m o l e   r a t i o   i s   s e l e c t e d   f rom  t h e   r a n g e   b e t w e e n   1  R u / 4   Mn  a n d  

1  R u / 6   M n .  

6.  The  m e t h o d   of  c l a i m   1  f o r   m a n u f a c t u r i n g   an  a n o d e  

i n t e n d e d   f o r   u se   in   a  p r o c e s s   f o r   m e t a l   e l e c t r o w i n n i n g   f r o m  

an  a c i d   e l e c t r o l y t e   f u r t h e r   c o n t a i n i n g   m a n g a n e s e   as   a n  

i m p u r i t y ,   c h a r a c t e r i z e d   in  t h a t   s a i d   mo le   r a t i o   i s   s e l e c t e d  

f rom  t h e  r a n g e   b e t w e e n   1  Ru/1   Mn  and  1  R u / 3   M n .  

7.  The  m e t h o d   of  c l a i m   1,  c h a r a c t e r i z e d   in   t h a t   s a i d  

c o a t i n g   s o l u t i o n   c o n t a i n s   c o n c e n t r a t e d   h y d r o c h l o r i c   a c i d   i n  

an  a m o u n t   c o r r e s p o n d i n g   t o   f rom  a b o u t   4  t o   15  p e r c e n t   b y  

w e i g h t   of   s a i d   s o l u t i o n .  

8.  The  m e t h o d   of  c l a i m   1,  c h a r a c t e r i z e d   in  t h a t   s a i d  

c o a t i n g   c o m p r i s e s   e t h a n o l   or  b u t a n o l   as  an  o r g a n i c   s o l v e n t .  

9.  The  m e t h o d   of  c l a i m   1,  c h a r a c t e r i z e d   in   t h a t  

t i t a n i u m   p o w d e r   h a v i n g   a  p r t c l e   s i z e   s m a l l e r   t h a n   40  m i c r o n s  

i s   u n i f o r m l y   d i s p e r s e d   in  s a i d   c o a t i n g   s o l u t i o n   i n   an  a m o u n t  

w h i c h   i s   s e l e c t e d  s o   t h a t   s a i d   c a t a l y t i c   c o a t i n g   c o n t a i n s   t h e  

t i t a n i u m   p o w d e r   in  an  a m o u n t   c o r r e s p o n d i n g   t o   a  t i t a n i u m  

l o a d i n g   of  a t   mos t   10  g / m 2 .  

10.   The  m e t h o d   of  c l a i m   1,  c h a r a c t e r i z e d   in  t h a t   t i t a n i u m  

o x i d e   p o w d e r   c o n s i s t i n g   of  p a r t i c l e s   of  s u b m i c r o n i c   s i z e   i s  

f i n e l y   d i s p e r s e d   in  s a i d   c o a t i n g   s o l u t i o n .  

11.   A  d i m e n s i o n a l l y   s t a b l e   a n o d e   p r o d u c e d   by  t h e   m e t h o d  

of  c l a i m   1  or  any  of  c l a i m s   2  t o   1 0 .  
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